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The Alloy Steel For 
Severe Service Springs 


The real superioritv of any type of spring 
stee! is found not so much in tensile charac- 
teristics as in’ resistance to fatigue as dis- 
closed by the spring vibration test. 

Typical! results of UMA No. 5 Steel regu- 
larly obtained in such tests prove that this 
sturdy alloy steel equals or surpasses any 
other known commercial alloy steel. 

We are producing UMA No, 5 Steel in 
spring sections of various sizes and designs. 
UMA.No. 5 Steel is adapted to the whole 
range of spring production from leaf springs 
for motor trucks and railway cars to smal! 
flat springs, coilsprings for shock absorbers, 
lockwashers, etc. Complete infor- 
mation and'metallurgical data 
will be gladly furnished 
on request. 
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TRANSACTIONS ADDS ANOTHER NEW FEATURE 


N THE February issue of TRANSACTIONS appeared for the first time a new 

department, “Comment and Discussion.” That the inauguration of this fea 
ture was an improvement to the publication is not questioned, a need for such 
a column having been felt for some time. Depending upon the support re- 
ceived from Society members and friends, “Comment and Discussion” will 
appear in every issue of TRANSACTIONS and an attempt will be made to 
extend its usetulness. 

This department is open to general participation, its function being pri- 
marily for the discussion and criticism of the articles published in TRANs- 
\CTIONS, however, its field is not limited to that alone. Any subject of in- 
terest to the Society and its welfare and worthy of comment in a brief way 
properly comes within the scope of this column. The February and March 
issues give examples of what can be done in discussing the technical articles. 
In the interest of greater service, it is hoped the new department will receive 
active support 


EARLY DISCOVERY OF THE RECALESCENCE POINT IN 
HEATING STEEL 


OLLOWING is an interesting item concerning the first observation 
of the recalescence point in the heating of steel. The 
printed from a recent issue of Machinery. 

“In a publication issued in 1778 by one of the industrial associa 
tions of that time in Sweden, there is an article on the hardening of 
steel, written by J. F. Angerstein, in which the author mentions that he 
has observed a means whereby the correct hardening temperature for 
steel may be accurately determined. He points out that at the right hard- 
ening temperature there is a sudden shadow or lack of brightness in the 
object being heated. This shadow is evidently caused by the temperature 
reduction which takes place when the steel passes the recalescence point. 
It was not possible for the early observer to understand the exact reason 
for the loss of brightness or shadow in the heated steel, but he had 
learned that this was the point when the right hardening temperature had 
been reached, and by observing it he was able to harden at a tempera- 
ture determined by the same principle as is employed in modern means 
ot determining the recalescence point. It has generally been believed that 
the earliest observer of this phenomenon was the Russian, Chernoff, who 
about 1860 called attention to this characteristic of steel when heated. 


Uhe practical value of these observations was finally clearly laid down by 
Brinell.” : 


item is. re- 
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COMMITTEES FOR ANNUAL CONVENTION OF 
SOCIETY FOR STEEL TREATING 


FOLLOWING is given both the national and local committees 
have been selected for the annual Convention and Exhibition of jt}, 
Society, which is to be held in Detroit, Oct. 2 to 7, 1922: 
General Chairman 


AMERICAN 































W. P. Woodside, 698 Webb avenue, Detroit, Phone, Hemlock 4276. Studel 
Corp., Phone, Northway 3940 
Representative of National Society 
A. E. White, University of Michigan, Ann Arbor, Mich. 
National Meetings and Papers Committee 
Chairman—C, N. Dawe, 2426 Longfellow avenue, Phone, Hemlock 6414W. St 
baker Corp., Phone, Northway 3940. 
J. M. Watson, Member W. C. Peterson, Member C. G, Heilman, Membe: 


LOCAL COMMITTEES 


Finance Entertainment 
Chairman—C,. T. Bragg Chairman—Frank Davis 
N. G. Banks loe Bourg 
L. A. Danse G. W. Fellingham 
W. A. Gowan llarry Askew 
J. F. McCady D. PP. Harr 
L. D. Sullivan Kk. L. Hollister 
A. A. Tredway Kd. Kottnauer 
E. P. Young John Andrews 
W. G. Calkins A. F. MicFarland 
Transportation >) d, Nor wood 
Chairman—W, B. Hurley Carl Pfeifer 
Dale Bauer \rthur Schatter 
Lee Chamberlain Ed Graham 
J. H. Gillooley Publicity 
J. F. Torrence Chairman—E, W. Guibert 
B. W. Upham N. C. Banks 
}. H. Watson W. E. Blythe 
; H,. G, Geissinger 
Information _ A, FE. Grinnell 
Chairman—Robt, Atkinson HM. Lane 
J. D. Boyle I. C. McCabe 
H, M. Brey }. F. Newman 
A. C. Downer H. L. Shippy 
\. T. Haggerty F. P. Zimmerly 
Homer Hood Hotel 
R. E. Laner Chairman—D. J. Crowle, 
Don Perry G. P. Beck 
Harold Peebles WT. Clark 
L, Thomas L. C. Dunn 
J. E. Voight G. M. Hawthorne 
Garden Webb Walter Jominy 
FE, L. Blake G. W. Landrus 
Exhibition A. S. Lee 
Chairman—Jack Dailey C. C. Rous | 
Jack Billingsley Arthur Schaffer 
T. P. Braunigan W. W. Wilson 
L. B. Case Ladies 
E. J. Hurgmoether Chairman—W. J. Learmonth 
K. L. Herrmann D. D. Dodd 
A. A. Lauppe Harry Askew 
T. E. McCleary Ed. Graham 
J. C. McCabe M. -L. Hollister 
H. A. Neil Syd. Norwood 
F. H, Ragan Stanley Sowder 
H. L. Shippy Lloyd Woodside 
C. L. Stafford G. A. Willet 
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YRICAN | eECT OF HEAT TREATMENT ON THE MECHANICAL PROP- 
ERTIES OF ONE PER CENT CARBON STEEL 


‘SoM a By H. J. French and W. George Johnson 





a ) RING 1920 there was brought to the attention of one of the authors 

ie lack of adequate information in tthe literature regarding the most 

lesilial le heat treatments for production of the best combinations a) 

rth and ductility for one per cent carbon steel. While considerable 

are available relating to tensile properties Ol high carbon alloys, it 

not possible to make satisfactory comparisons between the results 

i rted by various investigators as to the effectiveness of different 

Stude. | iments for the purpose in view, due to the differences in chemical 
iposition, size of specimens treated and other factors. 

mber Because of the varied applications of slightly supersaturated carbon 


including tools, dies, bearings and springs, tests were made to 
elate properties and structure and to determine the magnitude of the 
ects observed with varying time-temperature relations in certain heat 
iting operations. At the same time treatments resulting in the best 
le and impact properties were sought 
\mong the tests previously reported the following are considered of 
rm pafticular interest in the treatment of one per cent carbon steel or 
with variables studied by the authors. 
Sargent’ found greatly increased strength with increase in annealing 
peratures above the critical range and a maximum when cooled from 
degrees Cent. (1877 degrees lahr.) which Walls decreased about 38 
er cent when the temperature was raised to 1150 degrees Cent (2102 
rees Fahr.). Maximum ductility was obtained in slow cooling from 
e upper end of the critical range, while temperatures even moderately 


) 


ee 


: ve this reduced the elongation and reduction of area to very low 
\ lues. The accompanying microstructural changes were marked and it 
: found that after annealing at 915 degrees Cent. (1670 degrees Fahr.), 
. ihe cementite surrounding grains of pearlite had all left the boundaries 


nd “gone toward binding groups of pearlite crystals into larger com 


d found that maximum strength was produced after slow cooling from 


905 degrees Cent. (16061 degrees Fahr.) while the highest ductility and 
lowest strength was obtained when using 760 degrees Cent. (1400 de 
rees ahr.) which 1s shehtly above or at the end of the Ac, transforma 
nm. In general the inflections in curves for strength and elastic Imit 


und crystals”, 
Campbell? also studied the annealing of one per cent carbon. steel 


ere accompanied by the reverse inflections in curves for clongation and 

duction of area increases in one set hemg obtained at loss of the other 
Both Sargent’s and Campbell’s results are shown graphically in Fig 
hile in Table I are given results of tests included in the Sixth Report 


the Alloys Research committee® for steel containing 0.95 per cent car 


, — 
i ‘George W. Sargent, “A Study of the Effect of Heat Treatment on Crucible Steel Containing One 
Cent Carbon.” Trans. A. I. M. E., 1901, p, 303 


William Campbell, ‘On the Heat Treatment of Some High Carbon Steels.” Proc. Amer. Soc. Test 
1906, p 211 
4 Sir W. Roberts—Austen and W. Gowland, Sixth Report to the Alloys Research Committee, “On the 
a t Treatment of Steel.” Proc. Inet. Mech. Eng., 1904, Vol. 1, p. 7 


\ paper presented by title at the Indianapolis Convention. The authors, H. J 
ench and W, George Johnson are physicist and assistant physicist respectively, 
/ ireau of Standards, Washington, D. C Published by permission of the director, 
reau of Standards, 
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bon. 


grees Cent. (1652 degrees Fahr.) and the ductility gradually de 
with rise in temperature from 720 to 1100 degrees Cent. (1328 ¢ 
degrees Fahr.). Soaking decreased the strength and in general r: 
in an increase in elongation but at the same time produced a decrease 
duction of area. 

From the preceding results it appears that slow cooling fron 
peratures just above Ac, gives maximum ductility and low st 
With rise in annealing temperature the ductility decreases 
and elongation and reduction of area in general remain at low 
while the strength reaches a maximum in the range about 900 ( 
Cent. (1652 degrees Fahr.). 

Brinell* showed that the hardening capacity of carbon steels in 
up to 0.45 per cent carbon when it became nearly constant with 
increase to 0.90 per cent and thereafter decreased. 


pacity and, as is well known, is sensitive to thermal treatment, 
slightly more carbon than required for saturation. 
cold water from temperatures above the thermal transformation, 
hard and brittle while when more slowly cooled as in oil, high st: 
and somewhat greater ductility results. 


In either case the 





*Akel Wahlberg, “Brinell’s Method of Determining Hardness and Othes 
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Fig. 2—Form and dimensions of test specimens used 


dicated | Vy results reported by Roberts-Austen and Gowland® for an 
y cont ining 0.95 per cent c arbon, which are reproduced in Lable Il. 
ed on ‘their tests the authors conclude that the oil quenching tem 


vation 4s in the neighborhood of 900 degrees Cent (1652 degrees 


llanemann® reported direct decrease in strength as the water hard 
temperature increased from 750 to 1000 degrees Cent. (1382 to 
degrees Fahr.) for 1 per cent carbon steel not subsequently tem 
ed whereas for an alloy containing 1.33 per cent carbon, the strength 
eased until the quenching temperature exceeded 900 degrees Cent. 
2 degrees Fahr.). 
\ll that is considered necessary in the treatment of steel, as regards 
e at hardening temperature, is to maintain for the minimum period 
juired for uniform heating throughout. ‘The time actually required: to 


ce note 3, 
H. Hanemann, “Uber die Warmebehandlung der Stahle.” Stahl and Eisen, 1911, 31, p. 1365 
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Table I 


Effect of Time and Temperature in Annealing on the Mechanical |] 
erties of 0.95 Per Cent Carbon Steel* 


D- 
v 















Time at’ Breaking strength, Elastic limit, Elongation | 
-~-Annealing temperature-—, temperature pounds per pounds per in 2 inches, 
degrees Cent. degrees Fahr. hours square inch square inch per cent 
620 1148 iy 118,400 76,600 15.0 
12 101,800 51,800 18.5 
720 1328 iy ae 22.0 
12 75,500 31,600 23.5 
800 1472 4 89,500 50,400 18.0 
m4 «a. eee 72'S OS eas iene 
900 1652 4 10.0 
12 107,000 80,800 11.9 
1100 2012 VY ee tC: 7 








1200 


2192 


12. 53.900 45.000 20.0 


*From Sixth Report to the Alloys Research Committee. Proc. Inst. Mech. Eng., ‘ 
p. 7. Pounds per square inch = tons per square inch given in original table x2240. i 





Table II 


Effect of Various Methods of Quenching and. Tempering on the Tensile 
Properties of 0.95 Per Cent Carbon Steel* 


























—Quenched from— -—--Tempered at--—, Breaking strength, Yield point, Elongation R 
degrees degrees degrees degrees pounds per pounds per in 2 inches, 
Cent. Fahr. Cent. Fahr. square inch square inch per cent 

Queawhes in Water at 20 Degrees Cent. (68 Degrees Fahr.) 
720 1328 ; as rea 12.0 
900 1652 nai pie ol eal. rarity Nil 
1200 2192 RR dee) ala i Nil 
Quenched in Oil at 80 Degrees Cent. (176 Degrees Fahr.) 
720 1328 . 117,100 89,500 13.0 
720 1328 350 662 122.500 81,700 12.0 
870 1598 350 arate 229,500 149,400 7.0 
1000 1832 350 pte 211,000 152,700 5.5 
800 1472 600 1112 _ 000 80,000 12.0 
900 1652 600 110,000 90,000 17.0 
*From Sixth Report to the Siti: Rete irch Committee. Proc. Inst. Mech. Eng., 
p. 7. Pounds per square inch = tons per square inch given in original table x2240. 








Table III 


Effect of Time of Heating Prior to Hardening on the Mechanic~| Prop 
erties of 1.08 Per Cent Carbon Steel* 


Elongation in 


Time of heating Maximum strength, Elastic limit, 100 millimeters Reduction 
at 800 degrees pounds per pounds per (3.94 inches) of area, 
Cent. minutes square inch square inch per cent per cent 
91,500 78,300 10.5 17.2 
20 121,000 121,000 10.5 17.2 
60 125,000 122,000 10.5 17.2 
_ “*A. Portevin: “Influence du Temps de Chauffage avant la Trempe sur les Resultats de cette O 
tion.” Rev. Met. (1916), 13, p. 9. Pounds per square inch = kilograms per square millimeter giver 


original tables x 1.422 x 103. 





Table 1V 


Effect of Tempering on the Mechanical Properties of Hardened 1 Per 
Cent Carbon Steel* 
Samples Quenched In Oil from 790 Degrees Cent. (1454 Degrees Fahr.) 


Imp I 
-—-Tempered at-—~, Tensile strength, Yield point, Elongation Reduction absor bed 
degrees degrees pounds per pounds per in 2 inches, of area, Brinell foot-] 
Cent. Fahr. square inch square inch per cent per cent hardness per squ —_— 
lon _— 192,500 127,000 10.5 34.0 387 
375 707 195,000 127,500 12.5 34.0 375 42 
460 860 201,500 111,000 12.5 40.3 402 41 
560 1040 168,500 104,500 14.5 30.7 321 54 
650 1202 134,000 86,000 “ 0 40.3 277 57 
As rolled 152,000 86,000 a 13.3 302 27 


*J. H. Nead: “The Effect of Carbon_on the a Properties of Heat Treated Carbon st 
frans. A. I. M. E., 53 (1915), p. 218. “Charpy Results as Related to Carbon Content of Steel, 
af Metals,” etc., 1916, p. 109. 
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this condition is known to increase markedly with size and it is 
own that with increased mass the temperature at which the steel 
-st harden, rises. Portevin? has shown that the effect of time of 

prior to quenching is marked and that a change from 2 to 60 


RoR OT$ Sper sec. 


x 
K 
> 
~ 
Y 
\ 
% 
Q 
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\ 
NS 


KO) 


|Aeoting Coo/in 


10 "15 20) & 40 45 &p ® 
traf TTT 


— 


c , 
Oeconds 7o heat or Coo! RT 


Inverse rate heating and cooling curves of 1 per cent carbon steel. Data for Ac,: Begins 
16 degrees Cent. ; maximum 727 degrees Cent. ; ends 740 degrees Cent. Data for Ar,: 
Begins 703 degrees Cent. ; maximum 698 degrees Cent. ; ends 680 degrees Cent. 


utes resulted in increased strength and hardness as shown in Table 
(he effects of tempering on the tensile and impact properties of 
lened 1 per cent carbon steel have been studied by a number ot 
tigators, including Rudeloff*, Hanemann® and Roberts Austen and 
land’**. More recently J. H. Nead™ determined the tensile and im- 
properties of such steel quenched in oil from the recommended an- 
ing temperature range of the American Society for Testing Mate 
Portevin, “Influence due temps de chauffage avant la trempe sur les resultats de cette opera 
Rev. Met., 1916, 13, p. 9. 

Rudeloff, “Untersuchungen uber den Einfluss des Ausgluhens auf die physikalischen Eigen 
von Eisen-und Stahdrahten.’’ Stahl und Eisen, 1892, 12, p. 63. 
See note 6. 
See note 3, . 

|. H. Nead, “The Effect of Carbon on the Physical Properties of Heat-Treated Carbon Steel.” 


_ Amer. Inst. Min. Eng. 53, 1915, p. 218. “Charpy Results as Related to Carbon Content of 
Tests of Metals, etc., 1916, p. 109. 


\f 
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Fig. 4—Microstructureof 1 per cent carbon steel quenched from 788 degrees Cent. in different 1 
tempered at 538 degrees Cent. Etched with 2 per cent nitric acid in alcohol and X 500. a que! 
water. 6 quenched in oil. e¢ quenched in molten lead at 538 degrees Cent. d quenched in molte: 
and potassium nitrates at 538 degrees Cent. 


rials** when followed by tempering at various temperatures but the | 
sibilities for production of high combinations of strength and ductility 
by varying hardening and tempering treatments have not been 
covered. It appears from Nead’s results reproduced in Table IV 
tempering ‘has a relatively small effect in reducing the brittleness of th 
oil quenched steel and that tempering temperatures in the neighborhood 
of 500 degrees Cent. (932 degrees Fahr.) are required for a material i: 
crease in ductility or decrease in tensile strength. The cause of thi 
undoubtedly in incomplete hardening as specimens %-inch or mor: 
diameter will not be martensitic throughout after quenching in oil. 

It is well recognized that a long time in tempering hardened stee! 
a given temperature is, within limits, equivalent to tempering for a s! 
time at a higher temperature. Long time tempering at a given tempe 
ture increases the ductility and lowers the strength and hardness, | 


"Year Book of the Amer. Soc. for Test. Materials, 1914, p. 201. 
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iagnitude of these effects, especially at the lower tempering temper- 
‘depends upon the thoroughness of the hardening. The fact that 

vard and Raymond’ found relatively small effects on the tensile 
rties of 0.45 per cent carbon steel with increased time of tempering 
obably due in part to incomplete hardening as pointed out in dis- 
n of their results. 

\Mathews and Stagg’ give detailed data relating to this subject and 


— 
—_———- 


R. Hayward and S. S. Raymond, “Effect of Time on Reheating Hardened Carbon Steel Below 
11 Range.” Trans. A. I. M. E., 1916, p. 517. , 

A. Matthews and H. J. Stagg, “Factors in Hardening Tool Steel.’”” Trans. Amer. Soc. Mech. 
+, p- 845. 


eS 


Table V 
Effect of Time in Tempering Hardened Steel* 


imit, Maximum strength, Elonga- Reduction 

s per pounds per tion, of area, Brinell 

inch square inch per cent per cent hardness lreatment 

750 260,137 2.5 pier 425 55 F. oil, 800° F. 8 minutes 

125 214,562 ‘7 « 45.4 390 1550° F. oil, 800° F. 20 minutes 
183,187 12.0 49.35 340 1550° F. oil, 800° F. 40 minutes 

Its are average of four check tests after each treatment, carrie t 


out on %-inch round tensile 


A. Matthews and H. J. Stagg: “Factors in Hardening Tool Steel,” Trans. A. S. M. E., 


R45, 


Table VI 


Influence of Temperature on Time of Cooling in Quenching 1 Per Cent 


Carbon Steel* 





f specimen Quenching temperature, Cooling time to 100 

rams degrees Cent. degrees Cent. in seconds 
5 950 3.07 

* 845 4.43 

2.4 750 4.11 
3 703 sae 

2.2 695 6.2 
Benedicks: “Experimental Researches on the Cooling Power of Liquids, on Quenching 


s and on the Constituents Troostite and Austenite.”” Journ. I. & S. Inst., 1908, Vol. 2, p. 153. 


Table VII 


Effect of Time at 760 Degrees Cent. Prior to Oil Quenching on the Hard- 
ness of 1 Per Cent Carbon Steel 


760 degrees Cent. (1400 degrees 


he pve time specified and oil quenched Brinell hardness 
luctility i 30 minutes 340 
te ’ 1 hour 351 
nm Iruily 5 hours 364 
LV ft ; 
ee Table VIII 
Seihnod Comparison of Oil and Water Hardening of 1 Per Cent Carbon Steel for 
‘rial in Production of Definite Strengths 
this is th Tempering 
Nore in ! Method of required, Proportional Elastic Elongation Reduction 
\ ose $ pet hardening, degrees degrees limit, pounds ratio in2inches, of area, Hardness 
nch degrees Cent. Cent. Fahr. persquareinch per cent per cent per cent’ Brinell Shore 
+ hs 843—oil 489 912 125.000 62.5 10.5 27.5 400 56 
steei at 788—oil 331 628 125,000 62.5 10.0 29.0 370 53 
a short 843—oil 611 1132 102,500 64.0 14.0 38.5 312 46 
= . 788—oil 591 1096 101,500 63.5 15.5 42.2 302 a4 
smpera- 788—water 540 1004 136,500 85.3 12.0 32.0 342 54 
. ae? \ 843—oil 690 1274 88,000 65.1 19.5 48.0 260 41 
SS, Dul 788—oil 661 1222 87,500 64.8 18.5 15.5 265 39 
788—water 608 1126 118,000 $7.3 17.0 42.0 290 47 
788—oil 696 1284 78,000 65.0 20.0 48.0 240 37 
788—water 648 1198 107,000 89.0 19.0 18.0 260 43 
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their values are reproduced in Table V. In part they state “.... 
time at the drawing temperature has a marked effect. The act of 
ing down the martensite is progressive and not sharply defined 
time and temperature have their effects.” 

Similarly other investigators have shown the importance of t! 


| Tensile 
+ 


Prep Lomét 





Brinell 





Ss 
S 













$j 








Proportional Limrt 1000 b/sq in 












1500 
Degrecs F 














800 525 
Degrees C 


Qi! Quenching Temperature 


650 


Fig. 5—-Effect of varying oil quenching temperatures on mechanical properties of 1 per cent 
carbon steel subsequently tempered at 538 degrees Cent. 


effect in tempering notably Barus and Stroubal'® who used therm 
tric methods; Goerens’® who studied variations in tensile, magnetic 
other properties of low carbon steel; Portevin’* who carried out hardness 





% Barus and Stroubal, “On the Physical Characteristics of Iron Carburets.” Bull. 14, U 
Survey, 1885. 


* P. Goerens, “Influence du Traitment thermique sur les proprietes de l’acier ecruit.” R 
Memoires, 1913, 10, p: 1337. 


"A. Portevin, “Influence du temps de chauffage avant le trempe sur les resultats de cett 
tion.”” Rev. Met., 1916, 13, p. 9. 
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- and microscopic examination, conducted by Rudeloff** and Hanemann" 
Che steel tested was part of a lot of l-inch hot rolled bars of vary- 
a a ‘arbon contents supplied by the Carnegie Steel Co., Pittsburgh, and 
| e following chemical composition : 


I Per Cent 
Bs Citi ak 4 perenne i hae er gious alias ts wn kane ae bk He owe eck eh we ea es 1.04 
MM 0 oe CaS a acd a uy kc he Wb a on on Ae De Ce aeheiats x he Ky eee one oe aoe 0.17 
phorus ee um ae oe J ute er Earerk & oe aeeae ae eee Ser is COE ae Oe ea OS 0.017 
DR ORR eee ial aney Brahe tie chara gr alata Rem ie eg Gilt ee RR es SE aa ae oe 0.019 
fa al ea ca an lak ta alias be ites ea ia a Se iS aR re tal aera gs scmes a Nea cg Aira a 0.14 
After cutting to the desired lengths for tensile and impact specimens, 
steel was normalized by heating to 815 degrees Cent. (1500 degrees 
r.) for 30 minutes and cooling in still air, thereafter showing the fol- 
Ing” tensile properties and hardness: 
. % pile BAUCRT, WOUIGS DEF DOTS TIGR. ow wok ccc ccc cece ceectccccececs 129,900 
F portional limit, pounds per square in................. cfVidevxexwasn ae 
| . oe ee eee eae a ate eared 14.0 
Se ah ys ib nd kak so ON AS Sie oS RRS EES owes + 54.0 
eee Sas ia edn cn Gh AOL Che hh das hs CNH dad O45 erme ea ea 217 
) enc, INN, NORM Sar © c) cgek Oncaea Shc aeees -« acaiigeay SN A: db Uk Ge le had eran w wi WRCe Bec een 32 
[est samples were machined to slightly larger than the required size, 
pproximately one-half round in reduced section, subjected to various 
t treatments and finally ground wet to the form and dimensions shown 
40 . cs 


Fig. 2. Tensile tests were made with a 50,000-pound testing machine 

da strain gage was used in determination of the limit of proportion- 

ity, while hardness was obtained by both the Shore and Brinell methods, 

means of a recording scleroscope and an American Brinell hardness 

| testing machine, the latter under standard conditions of 3000 kilogram 

id and 10 millimeter ball. Impact specimens of both Izod and Charpy 

types were tested in American made Izod and Charpy machines. Prior 

subjecting the steel to ‘heat treatment the thermal transformations were 

etermined in a manner already described by Scott and Freeman®’, The 
iting and cooling curves so obtained are shown in Fig. 3. 

In order to throw further light on the effect of several methods of 

rdening 1 per cent carbon steel when followed by high tempering such 

would possibly bring it into suitable condition for structural pur- 

ses, samples were quenched in water, oil, molten lead and a hot salt 

ixture consisting of 2 parts by weight of potassium nitrate and 3 parts 

lium nitrate. The details of these treatments and test results are given 

lable IX and it is evident that the surface of the treated metal is an 

nportant and determining factor in the tensile properties obtained. Re- 

val of surface irregularities resulting from scaling in treatment includ- 

x a large part or all of the decarburized surface results in better com- 

ent nations of strength and ductility but the steel is brittle, as shown by the 

impact values, regardless of the quenching method employed. In 

neral, the most marked effect of grinding after treatment is found in 





bor lues of reduction of area, which greatly increase. 

Pt It appears that the highest strength and ductility are obtained by 

- , ling in oil but a much higher elastic ratio results from water quench- 
It does not necessarily follow, however, that the results reported 

R ‘See note 8. 


See Note 6. 


0 H Scott and J. R. Freeman Jr., ‘Use of a Modified Rosenhain Furnace for Thermal Analysis.’ 
ureau of Standards Scientific Paper 348, Oct. 24, 1919. 
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for any quenching method are the best which may be prc duced, for 
possible that better combinations of strength and ductility may bx 
tained when using higher quenching temperatures than 788 degrees | 
(1450 degrees Fahr.) as is true when cooling in molten lead as sh 


in Table IX. : 


The structures of this steel after application of 
ments are shown in Fig. 4 
by tempering at 







these different t: 
and after quenching in water or oil foll 
538 degrees Cent. (1000 degrees Fahr.) the steel is sorb 





























tion of area decrease. With further rise in quenching temperature, 
strength factors decrease with practically no change in ductility but 
all cases the resistance to impact is low. 
Benedicks*® has shown that an increase in temperature result 
more rapid cooling, for steel of constant mass and that the metal pa 
more rapidly through the transformations. His results for an 
taining one per cent carbon are reproduced in part in Table VI. 

It is quite evident, therefore, that a hardening of the matrix ot 
steel under investigation should result with rise in quenching tem): 
tures and more carbide should be held in solution. In this case, h 
ever, there is an added factor contributing to the increased hardness 
strength shown in Fig. 5 in the retention of the excess cementite whi 
quenching from above its solution temperature range. ‘The rate of « 
ing in oil when the steel is heated to 843 degrees Cent. (1550 are 
Fahr.) is not sufficiently rapid to retain all this carbide in solution | 
an increase to 871 degrees Cent. (1600 degrees Fahr.) increases the c 
ing rate through the transformations enough to cause retention of 
few remaining globules found after the first mentioned treatment. Th 
structures as well as those obtained on using lower quenching tempei 





( 








alloy 















tures are shown in Fig. 6 and because of the tempering at 538 degre 
Cent. (1000 degrees l’ahr.), the ground mass is sorbitic. There is fr 


cementite present in good proportion until quenching temperatures abov 
816 degrees Cent. (1500 degrees Fahr.) are used, while the condition o 
maximum strength obtained in the sample quenched from slightly abov 
the Acm transformation, is coincident with the minimum proportion « 
free carbide. Undoubtedly the cementite is first wholly retained 1 
quenching from a temperature somewhat below 871 degrees Cent. (160) 
degrees Fahr.) where the first disappearance has been noted and possib): 
this condition would be coincident with higher strength than shown 1 
Fig. 5. However, it is acknowledged that each increase in temperatur 
is accompanied by increased grain size. This effect opposes whateve! 
beneficial results might be obtained by total retention of the cementit: 

and will finally induce greater brittleness and lowered tensile strengt! 

and that this has happened in the range under consideration is shown b) 
















*C, Benedicks, “Experimental Researches on the Cooling Power of Liquids, on Quenching 
Velocities and on the Constituents Troostite and Austenite.” Jour. I. & S. Inst., 1908, Vol. 2, p. 195 









When quenched in molten lead or salt the steel consists of sor] ‘ 
pearlite but the transformation appears to have progressed somew ‘ 
further to pearlite in the case of the lead quenching. 5 

The effect of different oil quenching temperatures on the pro; ¥ 
ties and structure of steel subsequently tempered at 532 degrees ( rr 
(1000 degrees Fahr.) is marked as shown in Table XI and Figs. 5 : 
6. With a rise in temperature to 843 degrees Cent. (1550 degrees: Fah 
strength and limit of proportionality increase and elongation and red “ 
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: Fig. 6—Microstructure of 1 per cent carbon steel, oil quenched from various temperatures and subse 
tly tempered at 538 degrees Cent. Etched with 2 per cent nitric acid in alcohol and X 500. @ quenched 
iching 760 degrees Cent. (1400 degrees Fahr.). 6 quenched from 788 degrees Cent. (1450 degrees Fahr.).- ¢ 


153 . nchd from 816 degrees Cent. (1500 degrees Fahr.), d quenched from 843 degrees Cent. (1550 degrees 
r.). @ quenched from 871 degrees Cent. (1600 degrees Fahr.) 
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e sharp decrease in strength between samples quenched from 843 and 
































degrees Cent. (1550 and 1600 degrees Fahr.). 

’ In order to further investigate the magnitude of the effects of “soak 
-’ at various hardening temperatures, samples were held for different 
tervals at 760 degrees Cent. (1400 degrees Fahr.) and 843 degrees Cent. 

- 

200 
130 190 
pe | i 
i 20 180 450 
cf 
¥ 2 400 ; 
Au = 3 e 
= eo & Lc 
£ ” 
= Ff 350 GO 
= vu 
Es 
I W an 
| oat _ 
2 = g 3 
© 3S ¢ ‘ 
© 40 
30 
7 
c 
© 20 
“ 
a 
oa 
10 
Time inhours held at 843°C (1550) 
hig. 7 Effect of time at 843 degrees Cent. on the mechanical properties of 1 per cent carbon 
steel subsequently oil quenched and tempered at 538 degrees Cent. 

S (1550 degrees Fahr.) prior to quenching in oil and tempering. The first 
temperature is just above or at the end of Ac, while the latter is slightly 
ibove the temperature range at which the excess carbide goes into 
solution. 

‘he time over 30 minutes for which the steel is held at 843 degrees 

Cent. (1550 degrees Fahr.) when subsequently oil quenched and tem 

pered at 538 degrees Cent. (1000 degrees Fahr.) has a relatively small 

effect on the tensile and impact properties, as shown in Fig. 7 and 

lable XII. A change from 30 minutes heating to 1 hour does not alter 

the strength appreciably but results in slightly increased ductility where 

as with increase in time of soaking from 1 to 5 hours the hardness, ten- 

sile strength and proportional limit gradually increase with accompanying 

decrease in elongation and reduction of area. The steel is very brittle 

| iter all treatments and the variations in impact resistance are not such 

‘ is to allow conclusions to be drawn. 

4m & “ ° . . ° ° 

ae § | i he hardening temperature chosen is only slightly above the solution 

< | temperature of the excess carbide which, according to recent determina 
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S 


tion of Ishiwara** takes place at about 835 degrees Cent. (1535 degr 
Fahr.) and that this reaction proceeds slowly is at once evident from 
amination of the structures shown in Fig. 8. Solution is incomplete at 
to 45 minutes whereas in 2% hours this change has progressed nearly 
completion, coincident with a marked decrease in reduction of area 
tensile test. In the sample heated for 5 hours that excess carbide 





Giteeaeieianeeen 


Fig. 8—Microstructure of 1 per cent carbon steel held at 843 degrees Cent. for various times and subs 
quently oil quenched and tempered at 538 degrees Cent. Etched with 2 per cent nitric acid in alcohol 


o al 
X 500. a held 45 minutes. b held 2% hours. ce held 5 hours 


wholly in solution which partly accounts for the increased hardness 
obtained. 

When ‘this steel is soaked at 760 degrees Cent. (1400 degrees Fahr.) 
which is slightly above the end of the Ac, transformation, oil quenched 
and subsequently tempered as in tthe preceding samples marked changes 
in properties result as illustrated in Fig. 9 and Table XIII. An increase in 
time at hardening temperature from 30 minutes to 2 hours results in in 

* Torajure Ishiwara, “On the Magnetic Determinations of Ao, A;, Ag, and Ag Points in Steels 


Containing Up to 4.8 Per Cent Carbon.” Science Reports of the Tohoku Imperial Univ., Vol. 9, No. 5 
p. 401. 
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luctility, particularly as measured by reduction of area. Between 2 and 
pally a small decrease in strength. 


sed and with increase in time at temperature there is more free cemen- 


tite and the small globules of this constituent appear to combine to form 
larger ones as shown in Figs. 10e and 10f. While these changes are to 
be noted, a marked difference in the etching qualities of the ground mass 
is observed indicating that the structural changes accompanying the vari- 
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eased hardness, strength and limit of proportionality with decrease in 
hours the changes in properties are negligible, there being evident prin- 


In Fig. 10 are shown the structures of the steel under the treatments 


8 Prop. Limit 1000 Ip per sqin. 
— — nm 
2 = 


3 
S 
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Tensile Strength 1000 \b. per sq in 
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0% 
time in hours held at 100°C(\a00"r) 


Fig. 9—Effect of time at 760 degrees Cent. on the mechanical properties of 1 per cent carbon i 
steel subsequently oil quenched and tempered at 538 degrees Cent. 






itions in tensile properties are partly due to changes in the condition of 
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the matrix. Specimens heated for various intervals and oil quen 
without subsequent tempering were examined under the microscope 
found to consist of troosto-sorbite and it appeared that the propo: 
of troostite was greater the longer the soaking. 

When supplemented by Brinell hardness tests, the results of w 
are given in lable VII, it is evident that the effect of increasing the « 
tion of heating for hardening results in a noticeable increase in 
ness as does an increase in temperature. 

To supplement available information and to correlate the te: 
and impact properties of one heat of steel tempered at different 
peratures after hardening in different ways, samples were tempered 
tween 316 and 704 degrees Cent. (600 and 1300 degrees Fahr.) 
quenching in oil or in water from just above or at the end of Ac 
in oil from a temperature slightly above the Acm transformation. 

The results obtained in tests of steel quenched in water from 7x8 
degrees Cent. (1450 degrees Fahr.) followed by tempering between 538 
and 704 degrees Cent. (1000 and 1300 degrees Fahr.) are given in Fix 
and Table XIV and it is noted that the most rapid decrease in str 
occurs when the tempering temperature is raised from: about 538 to 649 
degrees Cent. (1000 to 1200 degrees Fahr.) while at the same tink 
elongation is almost doubled and reduction of area materially increas 

The mechanical properties-tempering temperature curves show 
hig. 12 are based on results given in Table XV _ for steel quench 
oil from 788 or 843 degrees Cent. (1450 or 1550 degrees Fahr.) and 
of the same general type. Samples quenched at the highest temp 
ture show the highest strength with lowest elongation and reductio 
area throughout than those quenched from 788 degrees Cent. (1450 
grees Fahr.), or mr other words, a higher tempering temperature is 
quired when using the highest quenching temperature to produ 
given strength. 

$y interpolation of the graphs giving variations in tensile proper 
of the tempered steel hardened in different ways, it is possible to 
pare the various treatments applied in order to produce a given stren 
and the results obtained from this approximation are given in Table \| 

For the production of given strength by heat treatment a slight 
higher tempering temperature is required after oil quenching from 
above the Ac, transformation than when the steel is water quench 
from ithe same temperature. Likewise a higher temperature is requir 
when oil quenching from above the Acm transformation than when sin 
ilarly cooled from just above Ac, in order to produce the same streng' 
In general this difference is less as the temperature at which the steel 
tempered increases. 

Water quenched. steel subsequently tempered to show the san 
strength as that quenched in oil and tempered has a very much hig! 
proportional limit than the latter and also greater hardness as measur 
by the Brinell and Shore methods. As the tempering temperature 
proaches the lower critical range these differences at first decrease a 
then slightly increase. While the difference between the hardness 
water and oil quenched steels is well known, it is interesting to note t 
magnitude of this difference for the steel under consideration and the {0 
that it is maintained over a wide range of tempering. 

In view of the slight difference in tensile properties between 
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Fig. 10—Microstructure of 1 per cent carbon steel held at 760 degrees Cent. for various times and subse- 
ently oil quenched and tempered at 538 degrees Cent. X 500. a held 30 minutes. b held 1 hour. ¢ held 
hours. d held 5 hours. e held 30 minutes. f held 5 hours, a, b, ¢ and d etched in 2 per cent nitric acid in 
cohol. e and f etched in boiling sodium picrate 
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Fig. 11—Effect of tempering on the mechanical properties of 1 per cent carbon steel first quenched in water 
from 788 degrees Cent. 
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steel quenched in oil from 788 degrees Cent. (1450 degrees Fahr.) 
that from 843 degrees Cent. (1550 degrees Fahr.) the lower temperatu 
is recommended. If the excess carbide exists in plate form due t 
previous high heating it may be refined readily by normalizing. A p 
liminary quench from above Acm, however, appears preferable. Wat 
hardening is the best method, for the production of strengths in 
neighborhood of 120,000 pounds square inch requiring a tempering 
about 649 to 710 degrees Cent. (1200 to 1300 degrees Fahr.), providi 
always that the size and shape of the material is such as to allow 
use of a drastic quenching medium. 

The structures of samples subjected to the various tempering tri 


_— 


b/s¢in 


Tensile Strength 1000 iby 


Tensile 


Froportional Limit 1000 | 


3 


Brome! 


DegreesC 
Tempering Temperature 


Effect of tempering on the mechanical properties of 1 per cent carbon steel first oil quenched 
either 788 or 843 degrees Cent. 
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Fig. 18—Microstructure of 1 per cent carbon stcel oil quenched from 788 or 843 degrees Cent. and subse- 
quently tempered at different temperatures. Etched with 2 per cent nitric acid in alcohol and X 500. a 
quenched from 788 degrees Cent. and tempered at 316 degrees Cent. quenched from 788 degrees Cent. and 
tempered at 649 degrees Cent. c¢ quenched from 788 degrees Cent. and tempered at 704 degrees Cent. d 
quenched from 843 degrees Cent. and tempered at 316 degrees Cent. e quenched from 843 degrees Cent. and 
tempered at 649 degrees Cent. f quenched from 843 degrees Cent. and tempered at 704 degrees Cent. 
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ments are shown in Figs. 13 and 14 and are of the usual type. Af 
short time tempering at 316 degrees Cent. (600 degrees Fahr.) the st 
is troosto-sorbitic and as the tempering temperature increases there 
a gradual transition of the ground mass to its more stable form. T 
water quenched steel, however, has the finest structure regardless of 1 
tempering temperature used. 

The effect of soaking at 704 degrees Cent. (1300 degrees Fahr.) wh 
followed by quenching in oil, on the properties of oil hardened steel 
shown in Fig. 15 and Table X. A change from ™% to 5 hours has 


Fig. 14—Microstructure of 1 per cent carbon steel water quenched from 788 degrees Cent. and subsequent! 
tempered at different temperatures. Etched with 2 per cent nitric acid in alcohol and X 500. a temper 
at 538 degrees Cent. b tempered at 649 degrees Cent. c¢ tempered at 704 degrees Cent. 


duced the hardness considerably, the strength by about one-third and 
markedly increased the ductility. As shown in Fig. 16 there is very little 
change in the character of the excess carbide with increased heating time 
so that the change in properties is a result of a distinct softening of the 
matrix. Comparison of the tensile properties shown in Fig. 15 with 
results obtained on normalized steel at once shows the effectiveness 0! 
temperatures just under the lower transformation for softening this alloy 
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Fig. 15—Effect of time slightly below Ac; on the mechanical properties of 1 per cent carbon steel previously 
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oil quenched from 843 degrees Cent. Samples oil quenched from the tempering temperature 
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As tar as the tensile and impact properties of heat treated 1 | 
carbon 


er Ce 
steel are concerned, certain facts deserve emphasis in connecti 


with the tests previously described. The steel remains extremely brit; 
even though ¢ 


gh good combinations of tensile strength and ductility are 

tained by suitable treatment.. Such low resistance to impact makes | 
surface condition of the metal of great importance, so that moderai: 
sharp corners, and even scratches may greatly affect the behavior 
the steel in service. It is extremely sensitive to heat treatment. Sm 
changes in the hardening temperature produce large differences in ten- 
properties though after quenching in a given medium as in oil such 
ferences may be largely removed by varying the tempering temperati 

To retail all excess cementite in solution when quenching in oil 
quires a relatively high temperature. The lowest temperature at wh’ 
this may be brought about, among other factors, is dependent upon + 
time of heating prior to hardening, and is lower the longer the soaki: 
but must be at or above the range of solution of this carbide. Betwe 
Ac, and Acm the excess cementite spheroidizes and coalesces to { 
larger globules which are retained in the free state in the oil quence! 
steel. At temperatures slightly below Ac, long time heating when 
lowed by cooling in oil produces no change in the condition of 
cementite which may be observed readily under the microscope. 

In this connection attention is directed to a recent study of t! 
formation of spheroidal cementite by Honda and Saito”*. The auth 
conclude that spheroidization of granular pearlite takes place below A 
if held at temperature for a sufficiently long time but that the spherc i 
zation of lamellar pearlite cannot proceed until Ac, has been reached 
exceeded. If the maximum temperature in heating exceeds a certain lim 
above this transformation the cementite appears as a lamellar pearl 
on cooling and therefore no spheroidization will take place. 


()] 


The tests carried out in this investigation: further indicate the in 
portance of time at temperatures between Ac, and Acm as shown 
Fig. 9. The sensitivity of 1 per cent carbon steel in this temperatir 
range, within which iit is ordinarily heated for hardening to varying t 


L1it 


temperature relations is great and the data obtained show why wid 
different results may be obtained so readily in the application of the 


heat treated product. 


Based on the tests made under conditions previously described. th 
following conclusions are drawn: 


1. The most suitable oil or water quenching temperature for stee! 
which is subsequently to be tempered at relatively high te 
slightly above the end of the Ac, transformation. 


2. With increase in oil quenching temperature for steel subse 


quently tempered at 538 degrees Cent. (1000 degrees Fahr.), hardness. 
strength and limit of proportionality increase and maximum values 
obtained after quenching from 843 degrees Cent. (1550 degrees Fal 


mperatures 


ar’ 
Luar 
which is coincident with retention of all but a small portion of the exc: 
cementite. A higher quenching temperature results in decreased strenyth 
. 


3. When this steel is subsequently to be tempered to produce a ten 
sile strength in the neighborhood of 120,000 pounds square inch wate 


°K. Honda and S. Saito, “On the Formation of Spheroidal Cementite.’ 


* Journ. I. & S. Inst., 192! 
Vol. 2, p. 261. 
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enching is to be preferred on account of the higher elastic ratio pro- 
-ed, always assuming that the size and shape of material is such as to 
w drastic treatment. If higher strength is desired, which condition 
juires lower tempering, oil quenching from just above the Ac, trans 
-mation will give slightly better combinations of strength aod ductility 
with lower elastic ratio than are obtained by water hardening. 
4. A lower tempering temperature is required after water hardening 
in when cooling in oil from the same temperature in order to produce 
e same strength. This difference in temperature in general 
e higher the strength required, the lower the tempering temperatures. 

5. When samples are quenched in water and others quenched in oil 
id all so tempered as to produce the same strength, the water quenched 
eel will ‘have the highest hardness as determined by the Brinell and 
iore methods. 

6. While good combinations of tensile strength and ductility may 


4 
A 


micreases 


Fig. 16—Microstructure of 1 per cent carbon steel oil quenched from 843 degrees Cent. and subsequently 
mpered for various times at a temperature slightly below Ac;. a tempered 1 hour. b tempered 5 hours. ¢ 
mpered 1 hour. d tempered 5 hours. a and b etched with 2 per cent nitric acid in alcohol. c¢ and d etched 
th boiling sodium picrate 
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be obtained by tempering at the higher tempering temperatures, the st. 
is brittle and has low resistance to impact. This is shown by the mu 
higher combinations of strength and ductility obtained in tensile te 
when the steel is ground to size after heat treatment and by the 
Charpy and Izod values obtained in all cases. 

7. Increased time at hardening temperatures results in increas 
hardness, strength and limit of proportionality and decreased ductility 
does rise in temperature. 

8. Long time heating just under the lower critical range results 
a material softening of the steel, equivalent to a decrease of 40 per ce: 
in Brinell hardness and 20 per cent in Shore hardness when the time 
temperature is increased from 30 minutes to 5 ‘hours. . Short-time heati: 
in this temperature range results in a softer steel than that air cook 
from above the transformations. 

9. The changes in physical properties which have been descrilx 
are in all cases coincident with well defined structural changes. 

In conclusion acknowledgement is made to T. E. Hamill, laborato: 
aid of the Bureau of Standards, for assistance in carrying out the variou 
heat treatments and physical tests involved. 
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St DO ALLOY CARBONIZING BOXES PAY? 
mn | By C. M. Campbell 
te 
I THE prime reason for using an alloy carbonizing box is to save 
money. Any saving of time in hi indling, both in receiving stores 
Pas d in the heat treating plant, and uniform quality of carbonizing are 
ty saving of money. In the case of ‘the alloy box this is accomplished by 
reasing its working life, as expressed in terms of furnace hours, 
ts er that of a cast iron or steel box of the same capacity in the same 
cel itic as their unit prices. 
le Some types of alloy carbonizing boxes, however, work out better than 
iti direct proportion; therefore, if the heat treating plant costs include 
role figures based upon the performance of cast iron or steel boxes, additional 
savings are obtained. The unit price of alloy boxes is such as to be 
“ibe considered considerably out of line. Although they show long and eff- 
cient service, it is difficult to see just why they should not be placed on 
Cor the supply account instead of becoming a part of the equipment. 
‘10us Several reasons may be given for this attitade, but before discussing 





them. we will consider some of the factors governing the life and per- 
formance of carbonizing boxes. They may be summed up as follows: 

1. Critical points at or below average atmospheric temperatures. 

2. Low coefficient of expansion and contraction at high tem- 

peratures. 

3. Good elastic limit and ductility at high temperatures. 

4 Tendency to resist carbon absorption up to and including 

temperatures of carbonization of steel. 

5. Resistance to oxidation. 

Resistance to warping and cracking seems to depend largely upon 
the frst two factors mentioned and ts independent of the shape of the 
box. It may be considered also that lack of grain growth is important 
} 














iere. Good heat conductivity is important, but it is characteristic of 
metals having high coefficient of expansion. The alloy which seems to 





possess most of these features 1s one having a nickel base with some 
chromium and iron. 

Several attempts are being made to produce alloys of iron and 
chromium, an iron base with chromium and silicon 1.5 to 3.5 per cent, 
the idea being to produce a medium priced box. These alloys resist oxi- 
dation ‘as good as nickel-chromium-iron alloys but they will crack at from 
600 to 1200 furnace hours, while the alloy which meets the five conditions 
mentioned above, stands up 3000 furnace hours and better, depending 
upon the size and shape of the box. 

An iron-chromium-silicon alloy which analyzes: Carbon over 0.50, 
chromium 15.00, and silicon 3.00 per cent show the following properties 
in the cast condition: 


















Elastic limit, pounds square inch ................. eye ae 45,000-50,000 
Ultimate strength, pounds per square inch ......... ch age opacities «sda oae 
Elongation in 2 inches, per cent ......... Peidu ile paedte eee ae eke cs 1.00 
OE Sk ean a ow bawls ¥edlot soe useecbesved's 2.00 
Coefficient of linear expansion, 32 to 212 degrees Fahr .................... 0.0000089 
Ss aa ana n 4.6 a6 46%. ¢4 rans 0 bane es + lsd goa ee iis tetas 30-34 
Brinell hardness at 3000 kilograms ......... weet ba ' 179-207 












A paper presented at the Indianapolis Convention. The author, C. M. Camp- 
hell, is superintendent, Pioneer Alloy Products Co.,. Cleveland. 
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Ratio of scleroscope hardness to Srinell hardness................._. 5.42 
Scleroscope hardness after heating to 1800 degrees Fahr. and air cooling. . 4 
Brinell hardness after heating to 1800 degrees | 


‘ahr. and air |” ee 


Ratio of scleroscope hardness to Brinell hardness. specimens heated to 


1800 degrees Fahr. and air cooled 


























This material has some toug 
srinell hardness but when heated 
loses its toughness and 
crack. 


hness as shown by 
to 1800 degrees |] 
becomes brittle. As as 


the scleroscope 
‘ahr. and air cooled 
esult the carbonizing bo 
In practice, using a square carbonizing box we 
ing a uniform wall thickness of 
radius, resistance to oxidation, 
furnace hours. Beyond that tim 
ing in the botton 


ighing 55 pounds. } 
¥g-inch and round corners with 5 
warping and cracking is 
e cracking take 
1 of the box is noticed: this o 
furnace hours. In all instances of cracking, 
side of the box. In some cases 
ually works through the wall 1 


good up to 4 
S place, and a slight wa; 
ccurring usually around ( 
one crack appears down } 
, this starts as a surface crack and gr 
1 600 to 1100 furnace hours. 


In one case out of eight, the carbonizing box was used 1400 furn: 


hours and showed no signs of scaling and cracking, 
occurred in the bottom. When heated to 220 
cooled, a box showed a scleroscope hardness of 20 and a Brinel] hardn 
of 149, the ratio being 7.45. When reheated to 1800 degrees Fahr. 
air cooled, it showed a scleroscope hardness of 15 and a Brinell hardn 
ot 143 with a ratio of 9.53. No decrease in hardness was shown but | 
tleness increased. Cooling from 2200 degrees Fahr. forms a solid soluti 
Structure which is not produced at temperatures under 2000 degrees Fal 
the metal being in the cast condition. This iron-chrome-silicon alloy 
be cast in either green or dry silica sand molds when the carbon 
is less than 0.25 per cent. 


but slight warpi 
O degrees Fahr. and furn 












































qe 
) 


conte 


It seems to be on account of the relatively 
alloy that objections to its widespread use is based. 
have their origin in the kind and amount of material being carbonized «, 
as to whether the business js jobbing or specialty, and if the latter. 
whether the heat treated work is of one kind or diversified. The jobbi: 
shop will carbonize a variety of steel parts on numerous small and lar; 
orders. Thus it is necessary to have on hand several] different sizes 
boxes, many of which are jn use only at long intervals. It would seem 
in this case, that a stock of high priced carbonizing boxes would undul\ 
burden equipment and depreciation accounts. 


In cases where the shop will have large orders for one 
ferent kinds of articles. it may be decided to charge the 
boxes to be used against each order. 
quantity of case hardened bolts. it 
carbonizing boxes 


high price of such 
These objectio: 


or more dil 
cost of the allo 
For example on an order for 

is found that the required number 

at 10 cents per pound will add ¥4 cent to the cost . 
sach bolt. If the box cost $1.25 per pound, it will raise the cost on eac 
bolt to some 3 cents. -Tf the value of the bolts is small 
keen, such a price may be out of the question. Here, the 


factors to be considered are: The value of the product, 
amount of competition. 


and competitio: 
most important! 
and strength an 


The conditions in a specialty shop are quite differe 
vailing in a jobbing shop. 
kind of article to be 


nt from those pre 
In this case, the amount and value of eac 


carbonized is known in advance and, although th 
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irge per furnace hour varies with the size of the boxes, an increase 


their life decreases the 


figures: 


P 9 
DOX 


Now 


> 


its life is 6000 furnace hours. 


will b 


ur 


pound 
$1.25 
5 
0.40 
0.40 
0.40 
0.10 
0.10 


uppose we 


e 0.93 


Price per 


Total c 


ost 


$56.25 
56 LZ 
18.00 
18.00 
A ct) 
Tew 


4.50 


take a box weighing 


Lf 


you 


ice would drop to 0.80 cents. 


at same 


X, 


+ 


ist descril 


class of 


work, and 


on 


should get 


‘The initial 
6.00, and the furnace hour minimum being 6000, 
cents. 


ed, 


that 


same 


Furnace hout 

charge 
().938c 
0.803 
1.500 
1.285 
0.900 
1.125 
1.000 


Furnace ho 
life 

OV0O 

7000 

1200 

1400 

2000 

400 

150 


charge per furnace hour as shown by the fol 


50 pounds and it is shown 


/ULU Ours 


eh f 
CiasS Ol 


sell 


may 


investment 


will 


pe 


the charge per furnace 
h ; that, 
If you were using at the same time for 


out ot 


Some 


the 


order, 


If 
Now if you use the alloy 
this 


vou 


at 


a 45-pound 


which costs 10 cents a pound, the initial investment is $4.50, and 
charge per furnace hour would be 1.125 cents. 
(50 furnace hours, 1t would drop to 1.00 cent. 
the iron-chrome-silicon, which 
me 40 cents per pound, you would have an initial investment of $18.00. 


should get 


time for 


ut the best we can do, perhaps, out of that is 1200 furnace hours, so it 


uld cost 1.50 cents per furnace hour. 


If that increases to 1400 furnace 


urs, it would bring it to 1.285 cents, and if you should by any chance 
» to 2000 furnace hours, it would drop to 0.90 cents. 


yOxX to 


y 
io 


| 
tl 
t 


r 


Unit cha 
00.75¢ 
00.50 
00.25 


e article 


use. 


ree 


1 increases 
he box, as shown as follows: 


the 


( 


ost 


to be 


of box 
$10.00 
$10.00 
$10.00 


carbonized 


in 


order 


The value and amount of a given article affect the kind of carboniz 
For a given kind of carbonizing box a decreasing value 
number 


to pay 


Number of pieces 


1333 
2000 


4000 
The selling price of the product usually includes a large enough 
ss profit to make possible the addition of a fraction of a cent or a few 
ts ta the production cost of the article, or the addition of. another 
equipment and depreciation costs without decreasing net profits, 
recause these additional charges are offset by economies in other dire 
ns due to the use of the alloy box. When these charges are more 
n offset, the difference n addition to net profits. Owing ‘to the 
ditions in the jobbing shop, which prohibit the extensive use of 


xes, it has been suggested that such boxes be sold 


tem TO 


isS a 


a alloy 
of 


on basis 


the 
ervice. 


uu carry that out, for instance, like the United Shoe Machinery Co.’s 
hich rent shoe machinery to individuals. It makes possible the use of 
oe machines even in the small repair shops. But the same applied to 
irbonizing boxes would require service stations located at points such 

Pittsburgh, Cleveland, Indianapolis, Chicago and other points, and 
arehouse carrying in stock a large number of different size boxes, this 
tock being determined in advance by a study of the 


Now it would seem that if you would charge on a basis of service 


a 


requirements of 
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those neighborhoods. When an operator wished to have a box for 
plant, he would call up the service station and get the required num| 
If he had an order for a certain number of articles and he had no box 
he would know from that order about what size boxes he needed, 

many, and the length of time required to carbonize the work, and 
would know in advance the charge for the service. He could add 

on to the cost of carbonizing and would know in advance just what 
total costs would be. If he did not need the boxes for further work, 


could send them back to the service station. However, that ser\ 
charge will have to include the cost of boxes in stock at the service 
tion, and that might run pretty high. In addition, the fact that it 


fundamental in all businesses that you have to have a large enon 
gross profit in order to establish the business in a given locality, 
could not say at this time just what it would cost for service on 
basis. 


It is*also seen here from the conditions outlined in the tables. 
with a study of the subject of costs along that line, each individual 
treater or each manager of a heat treating plant, could apply th 
tables in his own plant. The writer knows of two different pla: 
manufacturing substantially the same kind of parts, operating on pi 
tically the same monthly capacity of parts in their heat treating plant 
One operates in such a manner that a hard cast iron box will last 
average of 150 hours on carbonizing, for example on cam shafts, 
nickel-chrome alloy box will last not over 1800 furnace hours. In 
other plant, which does a similar line of work, a hard cast iron | 
lasts better than 400 furnace hours, and the nickel-chrome alloy 
lasts re over 2000 furnace hours. Both plants operate with 
same kind of heat treating equipment. 


From these tables it will be seen that the plant which has the low 
rate or lowest furnace hour life for its carbonizing boxes could use 
carbonizing cam shafts a nickel-chrome alloy box, on which the price 
of course high, but money could be saved because the cost per furn 
hour is greatly reduced over that of hard iron boxes 


Discussion of Mr. Campbell’s Paper 


MR. PORTER: Can the alloy box be made as light as a hard ca 
iron box? My reason for asking that is that in one particular case 
man has to pick up the box from the floor, put it on a bench, pack 


and shift it on to a truck. He has no time to use mechanical equipment 


to do it. The alloy box that I bought weighs 75 pounds, as against 
for the hard cast iron box. 


MR. CAMPBELL: These alloy boxes can be made lighter than 


the hard iron box. The reason for that is that the physical properties 


the nickel-chrome alloy are somewhat different from those of the iron 
The hard cast iron, so-called, is brittle and thin sections seem to crack 


Foundry practice, at the present time at least does not permit you 
get the same thin sections with cast iron as you would with the nicke! 


e 


+ 


chrome alloy, for the reason that you have a high expansion and hig 


liquid contraction of cast iron, and unless you use a shell core, that 


a core made with a hollow center and very thin wall, it will be foun 
almost impossible to get the same thin section that you can with th 
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kel-chrome alloy. A box that weighs some 70 pounds in cast iron, 
be made to weigh about 55 pounds, when cast wrth alloys. 


MR. GORDON: You spoke about having the same condition in 

two plants and getting a different life of the pots. Was that due to 
king or due to scaling or what seemed to be the cause of that? 
as it a difference in the kind of fuel they were using or difference in 
culation of the heat, or what? 


MR. CAMPBELL: ‘They didn’t have the same conditions in the 

plants. The policy of the management of one plant seemed to be 
rush things through rapidly. This rushing process seemed to decrease 
e unit cost of manufacturing the article. However, the principal rea 
mn was, I think, that the article that they were making, the assembled 
rticle, was somewhat lower in cost than the article manufactured by the 
mpany that ran their plant cheaper on carbonizing boxes. As _ to 
arping and cracking, the conditions that cause warping and cracking 
re the same in all plants, but in this particular case where the work 
as rushed through, the warping and cracking occurred quicker than it 


wuld in the other plant. 
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_ Fig. 1—Composition 254, nickel-silicon steel. Fig. 2—-Composition 389 steel. Fig. 1 present 
quite a contrast to Fig. 2, the latter being a more uniform steel and extremely well knit together in 


arrangement of its constituent alloys. Fig. 3—Composition 390, reveals the structure when the nickel 
doubled and the silicon increased 30 per cent. Fig. 4—Composition 530-1, shows the structure obtained |! 


reducing the silicon one-half. Fig. 5—Composition 531-1, modified by zirconium. Fig. 6—Composit: 
532-1, containing titanium as stated 
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OME ALLOY STEELS OF HIGH ELASTIC LIMIT, THEIR 
HEAT TREATMENT AND MICROSTRUCTURE 


By Charles M. Johnston 


" INVESTIGATION was begun during the late European war for 
the purpose of developing the best light armor plate for the protec 

1 of gunners and airplane pilots. The best steel for the light plates, 
it 1s 0.2 to 0.5-inch thick, and probably the best steel of its kind at 
at time, was silico-nickel steel of 0.35 to 0.60 per cent carbon. 

The demand arose for a still better steel to withstand increased 
riking velocity. Also ammunition charges were increased and types 
cartridges of greater penetration were used. With a view to meet 
g these increased requirements as far as possible with silico-nickel steel 
s the fundamental composition, the effect of modifying this basic an 
ysis by the addition of vanadium and chromium‘was tried. This addt- 
mn of vanadium and chromium is now patented. The best heat treat- 
lent of the silico-nickel steel gave about 274,000 ‘pounds per square 
ch, ultimate strength, 237,000 pounds per square inch, yield point, 

| per cent elongation, 36 per cent reduction, and a 555 Brinell. 

But upon the addition of chromium and vanadium, an_ ultimate 
rength of 290,000 to 310,000 Fie per square inch, 260,000 to 280, 


000 pounds per square inch yield point and 6 to 10 per cent elongation 


vere obtained, with a Brinell hardness of 512. These good figures were 


reflected by improved showing in ballistic tests. As a result of experi- 


nce gained during the war, the military authorities, especially for pro- 
ection of air pilots, made requests for still greater strength in plates. 
(his caused further experimenting until finally the silico-nickel composi 


tion was modified by increased amounts of chromium and vanadium and 


lso by the addition of tungsten, zirconium, titanium and molybdenum 
n various combinations. It is not the purpose of this brief article to 
lwell on the ballistics obtained except to state that among the various 
positions, about the best ballistics were secured from '%-inch plates 
ighly alloyed—one of the silico-nickel types containing molybdenum. 

It should be said that the molybdenum content was so much over- 
shadowed by the percentage of the other nonferrous elements that it 
‘annot be assumed that the molybdenum was the cause of the improved 
howing. Of course the disciples of molybdenum will agree that it is 
nost likely the master alloy in this case. For their further encourage- 
nent, the composition known as 491 can be considered as practically as 
od as the 490. It contained one-half as much molybdenum as 490. 

The following are the best tensiles obtained from compositions 


(OO and 491: 





Composition 
490 491 491 

Quench (Oil), degrees Fahr............... 1600 1600 1600 
Draw, GE sss oak ee we vpdiaceiens 1000 (% hour) 1200(1 hour) 1000 (% hour) 
Ultimate strength, pounds per square inch 276,260 193,910 275,000 
Yield point, pounds per square inch...... 253,450 153,330 213,780 
Elongation in 2 inches, per cent.......... Nil 12.5 2.5 
Reduction in area, per cent.............. 2-2 33.1 Nil 
Brig Ges WOO CN ee ee se 512 418 477 

A paper presented at the Indianapolis Convention. The author, Charles M. 


lohnson, is director of research department, Crucible Steel Co. of America, Pitts- 
burgh. 


























































































































































































































































































fae 





acest itn alsciilaiaentinseis Sabadell 





TRANSACTIONS OF 
502 AMERICAN SOCIETY FOR STEEL TREATING M 


Also a composition known as 389 gave the following: 


Composition 389 


Quench, degrees Fahr. 1600 1600 (in 
Draw, degrees Fahr....... 1000 (4% hour) 1200 (1% h 
Ultimate strength, pounds per square inch 293, 180 16 
Yield point, pounds per square inch 280,1 10 157 
Elongation in 2 inches, per cent. 10.0 
Reduction in area, per cent. a 31.5 


Compositions 389 are splendid looking tensile ‘strength specim: 
showing three-quarters to complete cup, tough fracture and having 
per cent elongation, even at 555 Brinell hardness. The foregoing y: 
points were taken with dividers and were from plate tests. These 
sults from compositions 389, 490 and 491 suggested that a series of tes 
be made with rolled bars, 1 to 1%-inch rounds. The bars for this pu 
pose were 389 composition, also the latter composition in which 
silicon was increased 20 per cent and the nickel doubled (390-3), 
ingot in which the silicon was reduced 50 per cent (530), one in whi 


Aid 


the silicon was reduced 50 per cent and about 1 per cent zirconiu 


added to this reduced silicon (531), one in which the silicon was 
creased two-thirds and 1 per cent of titanium added (532-1), one in whi 
the silicon was reduced two-thirds and 0.6 per cent “of titanium add 
(532-2), one in which the silicon was reduced two-thirds and less th 
] per cent of molybdenum added (534-1) and one in which the sili 
was reduced two-thirds and less than 1 per cent of tungsten add 
(535-1). 


The tabulations in Table I show the results of heat treating tl 


steels. The test specimens were heat treated in 0.505-inch section an 
held at quenching temperatures 20 minutes after reaching the temper 
ture of the furnace. The section was taken from the central portion 

the bar. No record is given here of the various treatments used an 
physical properties, except those that were found to give elongatior 
ranging from 5 to 10 per cent, consequently the tabulations are bri 
and do not reveal a considerable quantity of work done to arrive at 
the figures. 

rom the results in Table I, the following deductions can be mac 
First, that there is no apparent improvement in physical strength, 
least as revealed by the tensile machine, by doubling the nickel con 
tent as shown by composition 390 compared with 389. Second, th 
table shows that the 389 composition is markedly superior to the 254 
which is the well known silico-nickel €omposition. 

Table II shows values obtained from zirconium and titanium steels 
It does not reveal any superiority over the 389 steel which is a cheape: 
composition. 

The results in Table III are especially interesting in that they are 
from two steels that are with the exception of one element, as much 
alike analytically as two peas in a pod, that is two peas that are alike 
Anyone who has shelled peas knows that two peas in the same pod 
may be alike in complexion and general contour but not necessarily in 
size. These compositions, to be exact, are alike, but with the exc eption 
that one steel contains 0.7 per cent of molybdenum and the other con 
tains 0.7 per cent of tungsten, with 389—silicon reduced two-thirds—as 
the basic composition. The molybdenum steel is 534-1, the tungsten 


steel is 535-1. 


There is no marked difference in the physicals except perhaps elonga 


NN 
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Fig. 7—Composition 532-2, containing titanium as stated. The structures of compositions 390, 530-1, 
531-1, 532-1, and 532-2 present marked similarity and microstructure. Fig. 8—Composition 534, of 
molybdenum content. Fig. 9—Composition 535, of tungsten content. The molybdenum and tungsten 
steels are referred to as being practically alike in composition, except in the items of molybdenum and 


tungsten. The microstructures of Figs. 8 and 9 apparently are almost identical in the heat treated state. 
Fig. 10—Composition 389 annealed. Elastic limit, 109,010 pounds per square inch; ultimate strength 
144,450 pounds per square inch; elongation 17.5 per_cent; reduction in area 29.7 per cent; fracture flat; 
Brinell 286. Fig. 11—Composition 254 annealed. Elastic limit 90,950 pounds per square inch; ultimate 
strength 136,900 pounds per square inch; elongation 3.5 per cent; reduction in area 4.7 per cent; fracture 
flat; Brinell 321. Both the photomicrographs and tensile figures demonstrate superiority of composition 
389 over the 254 in annealed state as well as in hardened and drawn state. Fig. 12—Microstructure of 


high speed type of high elastic limit that falls into this class on account of its high elastic limit and good 
elongation 
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tion and reduction are a little better in the molybdenum steel. 
molybdenum steel also has the advantage that it can be made in 
open-hearth furnace, whereas the tungsten steel must be made eithe: 


the electric or crucible furnace. 


It is rather surprising that there 


little difference in the values, at least as revealed by the tensile mac] 
A further investigation is planned to test these two steels for 
torsional, impact, bending qualities, and for modulus of elasticity, 





Table I 


Results of Heat Treating Various Steels 


Composition 


Quench (Oil), degrees Fahr 


Draw (1 hour), degrees Fahr 

Elastic limit, pounds per square incl 
Yield point, pounds pe ire 

Ultimate strength pounds per square ) 
Elongation in 2 inches, per cent 


Reducti n 
Fracture 
Brinell hardne 


in area, per cent 


8s 


Test Values 


254 254 
1450 1600 
1750 800 
231,700 231.950 
24#1,570 237,100 
255,660 274,740 
cs 11.0 
a2.4 36.8 
4 Cup % Cup 
512 555 


Table II 


389 
1600 
650 


389A 
1550 
600 
247,770 
257,700 
308.900 
11.0 
39.5 
Full Cup 


§55 


Compositio 


n 


390 
1600 
600 

233,000 
243,000 
295,900 


11 0 


from Zirconium and Titanium Steels 





§31-1Zr §32-ITi §32-2Ti § 30-1 
Quench (Oil), degrees Fahr 1550 1600 1600 1600 
Draw (1 hour), degrees Fahr...... 750 600 600 600 
Elastic limit, pounds per square inch 258,700 241,300 218,000 270,440 
Yield point, pounds per square inch 263,800 256,200 232,000 280,000 
Ultimate strength, pounds per square inch 306,900 280,950 265,300 330,550 
Elongation in 2 inches, per cent 8 0 8.5 9.0 5.0 
Reduction in area, per cent 28.4 29.7 37.7 10.4 
PURSUENE Socks +5 6s % Cup lg Cup Full Cup Flat Break 
Brinell hardness 555 477 $77B sss 


Table IIT 


Test Values from Molybdenum and 


Tungsten Steels 


Composition 


534 Mo $34 Mo 535 W 

Quench (Ut degrees Fahr 1600 1650 1600 

Draw (1 |} degrees Fahr 650 650 650 
Elastic lir pounds per square inch 222,650 212,650 218,660 

Yield 5 pounds per square inch 227,480 217,810 223.510 
Ultimate strength, pounds per square inch 269,360 270,570 265,790 
Elongation in 2 inches, per cent 10.5 12.5 10.5 
Reduction in area, per cent 12.8 45.1 41.4 
Fracture Full Cup % Cup % Cup | 
Brinell hardness $12 512 ? 





Also it will be an interesting study to determine at what point a 
ual equal increasing of molybdenum on one hand and tungsten on 
other would begin to show marked differences in the tensile and 
physical properties and microstructure of these two types of steel. 

A tungsten-chromium-vanadium steel that has been giving m: 
excellent service in the trade for a number of years is interesting in 
eonnection, in that it shows similar good physical values and yet is 
a high speed type of analysis. The physicals are shown in the follow 
ing tabulation: 


Quench (Oil), degrees Fahr. 1 
Draw (1 hour), degrees Fahr..... 110 
Elastic Limit, pounds per square inch... . 223.¢ 
Yield point, pounds per square inch..... 245.87 
Ultimate strength, pounds per square inch 256. 
Elongation in 2 inches, per cent Q 
Reduction in area, per cent. 6 
PUREUUTSs 6 bos eens Ve Ci 


Brinell hardness. 
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This well tried steel can be consistently classed in high elastic range 
th 9 to 10 per cent stretch. 

he steels discussed in this article anneal best by being held at 
mperatures ranging from 700 to 740 degrees Cent. (1292 to 1364 
erees Fahr.) after normalizing at 900 degrees Cent. (1650 degrees 
hr.). Hardening ranges are shown by the tables from 1500 to 1650 
rrees Fahr. for compositions 389, 390, 530, 531, 532 and 534, and 





-dteincaeialheienainaianattedamatiniiinianepestammaaniiintemtenimpmmnnmmatatili 
| 18—-Photograph showing typical test specimens of high elastic limit steel 1 389 composition, 
1 in oil at 1550 dewres Fahr. and drawn at 600 degrees Fahr. 2B i 34 composition, tempered in oil 
) dewrees Fahr. and drawn at 650 degrees Fah ( imposition, tempered in oil at 1650 degrees 
ind drawn at 650 degre ahi 
‘ . . - ror . . »_” = 
6050 degrees Kahr. for 535. Forging temperatures 1850 to 1950 de 
rees Fahr. 
\Viicrostructures of heat treated cross sections are shown in Iig l-13 


he ertire non high speed series herein described show much im 
rovement over the older high grade silicon-nickel composition 254, 
nd are most promising by reason of the tensile values given in the 
ibles, and by reason of the uniform, tough and dense microstructure 

the heat-treated condition. 

The physical properties of all these compositions promise much fot 
uch purposes as high grade punches, cold sets, chisels, heading dies, 

et sets, automobile axles and springs. 


Discussion of Mr. Johnson’s Paper 
MR. D’ARCAMBAL: About what does the carbon run in those? 


MR. JOHNSON: ‘The range is from 0.39 to 0.66 per cent carbon. 
Ve found when this steel is treated as described in the foregoing, that 
he carbon did not have as much influence on the tensile properties as 


\ 


night be expected. We tried one silico-nickel combination in which 
he carbon was. 0.46 per cent. After treating it, we obtained nearly as 

110) high figures as we did with 0.66 per cent carbon steel. The alloys 
3.69 ) eemed to overshadow the carbon content when the steel was treated 
5,82 | with a view to getting the highest elastic limit. 

6,605! a ° - 

. MR. D’ARCAMBAL: In looking at some of those figures, the 
26.8 figures resemble those you can get on some of the tougher gear: steels. 
Cur 3 , 

4" MR. JOHNSON: Steel of this type might come in under that ap- 
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plication. You get such good reduction with a 10 per cent elonga 
that it has possible applications in several lines. 


MR. NORTON: Will you kindly explain why you infer that 
molybdenum might be a master alloy in that particular composition : 

MR. JOHNSON: I did not say that. I said those that were 
terested in molybdenum might assume that it is a master alloy. 


~ a 


MR. FOLEY: I would like to know why you kept the elongat 
5 and 11. Wouldn’t you have been interested in one ab 


between 
that? 

MR. JOHNSON: If I got a bigger elongation the tensile pr 
ties would be lower. I was after the highest elasticity I could get 
still have something measurable in elongation. 


MR. SCOTT: What was the etching medium used? 

MR. JOHNSON: The ordinary one used, alcohol and nitric aci 

MR. KLINKETT: What was the chemical analysis of the 
composition? 

MR. JOHNSON: It was from 0.40 to 0.60 per cent carbo 
round figures and from 1 to 2 per cent silicon, 0.075 chromium 
0.20 to 0.30 per cent vanadium. ‘Three per cent nickel, of course 
tered into it. 








IS 
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‘“ROPERTIES OF SOME STEELS IN THE HARDENING RANGE 
By W. R. Chapin 









N | HIS paper the term “hardening range” IS meant that temperature range 





within which quenched steel acquires its maximum hardness as tested with 





e Brinell machine, scleroscope or file. ‘This report applies only to those 
eels which, when properly quenched, harden throughout the mass, or as 
may be expressed, harden “solid” and are martensitic when so hardened 

lt is not claimed that this maximum hardness is the greatest hardness 









sible to obtain in these steels for it is well known that an even greater 
irdness is made possible by the use of certain quenching mediums and 
rtain high temperatures. The maximum hardness referred to is the greatest 
irdness obtainable by the employment of commonly used quenching oil oj 
lain water, the quenching temperatures being such as are used in good com 
on practice. 








By reference to test No. 1 it will be noted that this specimen which was 
inch square was 192 Brinell in the annealed condition. The specimen was 
uenched in oil from a temperature of 1475 degrees Fahr. and taken from 
he oil in the hardening range. 
lt will be appreciated readily that the temperature of the piece when 
taken from the oil is difficult to measure accurately, particularly near the sur 
lace. It may be stated. however, from a great many tests removed from 
the bath in the hardening range and quickly polished for Brinell testing that 
the color appearing on the polished surface would indicate strongly that this 
temperature lies between 400 and 500 degrees Fahr, 
















lt is respectfully suggested to those who have sufficiently delicate ap 
paratus and the inclination that this hardening range temperature may be a 
urately plotted Pyrometrically, This may be done by placing a sensitive 
couple in the center of a piece, protecting the couple by means of a coppel 
tube brazed into the piece and attaching the couple to a2 sensitive Instrumen 
vhich will record rapid temperature changes, 

Specimen No. 1, it will be noted, was 192 Brinell in the hardening 
range, practically file hard and could be readily deformed. It shrank 0.009 
inch in the hardening range and in cooling in the hardening range naturally 
in the air to the cold, by which is meant room temperature, it expanded 
V.O11-inch and was 652 Brinell when cold. It will be noted that it expanded 
only 0.002-inch from the annealed to the cold state. No. ] 















is a well known 








oil hardening, so called “nonshrinking” steel, but as a matter of fact-the steel 
did shrink 0.009-inch jn the hardening range and then expanded 0.011-inch in 
that range. 

It is to be noted particularly that specimen No. ] Was entirely un 





iffected by a powerful horseshoe magnet in the hardening range, Chis 
fact was first observed by the writer’s assistant W. IT. Appel. It 
oted that this loss of magnetism in the hardening range js most noticeable 
immediately after withdrawing from the quenching bath and further that 
there is a gradual return of the magnetic property as the steel cools through 
the hardening range to the cold. It is also interesting to note that with the 
gradual return of the magnetic property the Brinell hardnes< also gradually 


1ses, 






1S to be 











The appearance of the srinell indentation in the hardening range js 
A paper presented before the Cleveland Chapter. The author, W. R 
is director of the testing department, E. C. Atkins & Co. 
lent, Deeds & Chapin, Indianapolis, 






‘Chapin, 
Indianapolis, and presi- 
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peculiar in that it is not clear cut but there is a rounding off entirely 


the periphery. 
hardening range. 


Referring to test No. 3 it will be seen that this specimen also shrai 
showed even a lower 
state. No. 3 was also nonmagnetic 
and was practically file hard. 
to the cold and was 652 


the hardening range 


and 


disk 0.156-inch thick. 


In order to determine 
the center of the bar, 
brought out in the hardening range, 


and were 652 when cold. 
each time. Attention is called to 


hardening steel. 





the 
other 


It 


Brinell 


The sample was 


when 


Brinell 


No. 


cia square, 


col L. 


hardness of 
samples from the same bars were eye 
broken and Brinell tested in the 

These pieces were 192 Brinell in the center, practically file hard in the 
This test was made repeatedly with the same 
which is a well known 
It will be noted that 


Brinell 
in that range, 


This 


tests 


Chemical Analyses of Test Specimens 


lest Carbon M’g’ese 
Ne per cent per cent 
l 0.770 1.48 
Z 1.070 0.28 
3 0.800 0.35 
4 0.890 0.43 
5 0.890 0.43 
6 : 1.070 0.28 
7 1.070 0.28 
2 0.890 0.43 
Ort 0.890 0.43 
10 1.070 ().28 
11 1.070 0.28 
12 0.780 0.39 
13. 1.044 0.48 
14 1.112 Q).29 


a 


expanded continually in the hardening range until cold and was plainly 


netic in that range. 


Referring now to test No. 
water hardening tool 


until cold. 


original size which was 


readily in water. 


When bar No. 14 was machined down to 0.050-inch thick 
that it hardened in oil readily and exhibited all the characteristics of 


steel. 


Silicon 
per cent 


0).407 
0.404 
0.200 
0.162 
0.162 
0.404 
0.404 
0.162 
0.162 
0.404 
0.404 
0.146 
0.118 
0.192 


Sulphur 
per cent 


0.021 

().022 
0.020 
0.018 
0.018 
0.022 
0.022 
0.018 
0.018 
0.022 
0.022 
0.014 
0.034 
0.023 


34-inch wide by 


per cent 
0.006 
0.010 
0.020 
0.025 
0.025 
0.010 
0.010 
0.025 
0.025 
0.010 
0.010 
0.023 
0.010 
0.016 


than 


This appearance is characteristic of all the steels tested 


in the 
could be readily 
also expanded from the hardenin; Gg 


specimen Was 


l 


Ph’phorus Chrom’m Vanad’m 


per cent per cent 


0.06 


0.40 
0.78 
0.78 


0.32 
0.50 


0.19 


14 it will be seen that this also is an ordi: 
This steel when quenched in water, 
common practice, is magnetic in the hardening range and expands peso 
A specimen cut from bar No. 14 taited to harden in oil i 
3/16-inch thick but hardened 


. it will be 


oil hardening steel, that is, in the hardening range it first shrank, 


panded, showed a low Brinell gradually increasing and was nonmagnetic. 
the other hand, a piece from bar No. 1 when quenched i in water and broug 


out in the hardening range was distinctly magnetic, was file hard, 
low Brinell and acquired maximum Brinell when cold. 
Tests Nos. 12 and 13 are average specimens from 100 tests. 


very interesting in that they show that in the hardening range these stec' 
shrank in every dimension and then expanded in every dimension as thi 


approached the cold. 


Furthermore these steels shrank upon drawing. 
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he hardening range first shrank 0.195-inch in length and 0.010-inch in 
th and then expanded 0.232-inch in length and 0.012-inch in width and 
n drawing to 800 degrees Fahr., No. 12 shrank 0.236-inch in length and 

6-inch in width. No. 13 in the hardening range shrank 0.193-inch in 
sth and 0.013-inch in width and then expanded 0.219-inch in length and 
\7-inch in width. In drawing to 800 degrees Fahr., No. 13 shrank 0.128 
in length and 0.004-inch in width. 

No. 12 was 0.100-inch thick and No. 13 was 0.090-inch thick. he 
inge of thickness in the hardening range is not reported on account of the 

culty in getting an accurate measurement on account of rolling scale com 
‘ off and on account of getting an accurate record of such a smal] chang: 
would take place in the thickness. But since these 100 pieces shrank in 

dimensions and then expanded in two dimensions it is perfectly logical 
expect that they also contracted and then expanded in the third dimension. 

100 specimens were nonmagnetic in the hardening range. 

Another specimen from No. 12 and No. 13 was given the same treat 
nt and after being drawn to 800 degrees Fahr. was annealed to produce 
pearlitic structure. The measurements were then found to be practically 

same as originally. By reference to tests Nos. 4 to 11 inclusive, it will 
seen that the rate of cooling from the hardening range to the cold does 
t affect the ultimate hardness when cold. 

A piece from bar No. 1 was quenched in oil and was allowed to cool 
mm the hardening range to the cold in a patented compound requiring an 
ur to cool. Specimen No. 1 was 192 Brinell in the hardening range and 

2 Brinell when cold. ‘It is apparently true moreover that there is less dis 
rtion and less ultimate change of volume if these steels are allowed to 
ol slowly from the hardening range to the cold than when allowed to cool 
the quenching bath as in common practice. 

It is to be noted that specimen No. 4 was quenched in oil until cold ani 
hen drawn at 400 degrees Fahr. in oil for 15 minutes. After drawing it 
as allowed to cool in the air and was 652 Brinell both before drawing and 

after drawing. After drawing it could be filed slightly. No. 4 was then 
lrawn again for 15 minutes at 400 degrees Fahr. in oil and after drawing 
hen cold was 627 Brinell and could be filed easily. 

No. 5 was quenched in oil from 1500 degrees Fahr. the same as No. 4 
it taken out in the hardening range and drawn at once at 400 degrees 
hr. in oil for 15 minutes. It will be seen that No. 5 was 192 Brinell in the 
irdening range and was nonmagnetic. After drawing 15 minutes it was 
2 Brinell and could be filed slightly. No. 5 was then drawn 15 minutes 
re at 400 degrees Fahr. in oil and after drawing was 627 Brinell and could 

filed easily. 

By referring to No. 6 it will be noted that it Brinell tested 179 in the 
nealed state and upon quenching in water from 1440 degrees Fahr. until 
ld it expanded 0.013-inch in length and was 683 Brinell when cold. No. 6 

fter drawing 15 minutes in oil at 400 degrees Fahr. contracted 0.004-inch 
length and was 627 Brinell. 

It will be seen that No. 7 quenched the same as No. 6 but taken out in 
he hardening range was 302 Brinell in that range, was magnetic and was 
ractically file hard. No. 7 upon drawing 15 minutes in oil at 400 degrees 
ahr. was 627 Brinell and could be filed readily. It will be noted that No. 

which was cut from the same bar as No. 6, expanded 0.005-inch, from 
e annealed to the cold state whereas No. 6 quenched regularly expanded 
009-inch from the annealed to the cold. 
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Referring to test No. 8 it will be seen that after quenching regular] 
oil from 1500 degrees Fahr. and then drawn in oil for 15 minutes at 
degrees Fahr., a piece was 652 Brinell before and after drawing and a 
drawing was file hard. No. 9 quenched the same way as No. 8 except ta 
out in the hardening range and drawn at once in oil for 15 minutes at 
degrees Fahr., was 192 Brinell in the hardening range and was nonmagn 
\fter drawing No. 9 was 652 Brinell and file hard. 

No. 10 when hardened regularly in water from a temperature of 
degrees Fahr. and then drawn at 250 degrees Fahr in oil for 15 minutes 
683 Brinell before and after drawing and was file hard after drawing. 
11 quenched the same as No. 10 except taken out in the hardening 
and drawn at once to 250 degrees Fahr. in oil for 15 minutes was 
Brinell in the hardening range and was magnetic. After drawing No 
was O83 Brinell and file hard. 


Results of Hardening Range Tests 


Test No. 1. Specimen ™%-inch square. Quenched in oil from 1475 d 
Fahr. Removed from bath while in the hardening range. 

Test No. 2. Specimen ™%-inch square. Quenched in water from 1440 de; 
Fahr. Removed from bath while in the -hardening range. 

Test No. 3. Specimen circular, 0.156-inch gage. Quenched in oil from 





degrees Fahr. Removed from bath while in the hardening range. 
Annealed Hardening Range - Cold 
Test Leneth Brinell Length Brinell Length Br 
No. inches hardness inches hardness inches hard: 
es viv oe 192 4.429 192 4.440 65 
a 3.968 179 2.973 262 3.978 65 
as .. 4.993 231 4.980 192 4.996 65 


Test No. 4. Specimen quenched in oil from 1500 degrees Fahr. until cold, 
then drawn at 400 degrees Fahr. in oil for 15 minutes. 
Test No. 5. Specimen quenched in oil from 1500 degrees Fahr., but take: 


in the hardening range and drawn at once at 400 degrees Fahr. in oil fo 


minutes 


Test No. 4 Test No.5 
Brinell hardness after quenching............. 652 192 (nonmagn 
Brinell hardness after drawing............... 652 652 
UE 4 8. ai ; Seer ee ee ee Slightly 
Brinell hardness aiter redrawing at 400 de- 
wfees Fale. Gor: 55 WiOGS <6 ied cc ccweces 627 627 
PEO: Pe von ei Sn a Es 0a eek ate .. Easily Easily 


Test No. 6. Specimen ™%-inch square. Quenched in water from 1440 degr: 


Fahr. until cold, and then drawn at 400 degrees Fahr. in oil for 15 minutes. 

Test No. 7. Specimen ™%-inch square. Quenched in water from 1440 de 
Fahr., but taken out in the hardening range and drawn at once at 400 de 
Fahr. in oil for 15 minutes. 


Annealed— Quenched—— Drawn 
Test Length Brinell Length Brinell Length Brine] 
No. inches hardness inches hardness inches hardnes 
6.. Ne cetilens 4.146 179 4.159 683 4.155 62/ 
os. as .. aes 179 Pas 302 4.176 627 


Test No. 8. Specimen quenches in oil from 1500 degrees Fahr. until cold 
then drawn at 350 degrees Fahr. in oil for 15 minutes. 


OT ¢ 


pre 


oe 


Test No. 9. Specimen quenched in oil from 1500 degrees Fahr. but taken out 


in the hardening range and drawn at once at 350 degrees Fahr. in oil ¢ 
minutes. 
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Test No.8 Test No. 9 
iell hardness after quenching............ 652 192 (nonmagnetic 
nell hardness after drawing......... 652 652 
d , EE PET ee ee ree Hard Hard 


Test No. 10. Specimen quenched in water from 1440 degrees Fahr. until cold, 
then drawn at 250 degrees Fahr. in oil for 15 minutes 
Test No. 11. Specimen quenched in water from 1440 degrees Fahr. but take 


in the hardening range and drawn at once at 250 degrees Fahr. in oil for 15 


utes. 
lest No 10 lest No. 11 
nell hardness after quenching.... 683 321 (nonmagnetic) 
nell hardness after drawing..... se 683 683 
OO Cee ok aoe eck Se ade te nee Sok se Hard Hard 
Test No. 12. Specimen quenched in oil from 1500 degrees Fahr. but taken out 
q gree 
the hardening range. Afterwards drawn at 800 degrees Fahr. 
Test No. 13. Specimen in oil from 1500 degrees Fahr., but taken out 1n_ the 
rdening range. Afterwards drawn at 800 degrees Fahr. 
Test No. 12 Test No. 13 
Length Width Length Width 
inches inches inches inches 
RS so wleienk oA cal : 60 286 4.694 60.396 6.000 
irdening range ..... ; ... 60,091 4.084 60,203 5,987 
ae | See ere oe} <o St rca a ad a 600.323 4.696 60,422 6,004 
AW: Gees 60,087 4,690 60,294 6,000 


Test No. 14. This specimen, 5.540 x 0.75 x 0.050 inches, was quenched trom 


00 degrees Fahr in oil. It was removed from the oil while in the hardening 


and proved to be nonmagnetic. Its changes in size, as shown in the following, 
in the same proportion as a so-called oil-hardening steel. 
Leneth 


inches 

\nnesi@@. ..cuk ss. . 5.5400 
Es ox 09 bare Uke Ae 80 4 as eRe TEAS SOT RE RO EE Ss 5.5315 
9.5465 


By comparing Nos. 6 and 7 and Nos. 10 and 11 it will be seen readily 
at a drawing temperature of 400 degrees Fahr. was too high for this par 


cular steel for the reason that the martensite was decomposed at this tem 
erature and consequently the piece could be filed readily, whereas Nos. 10 
ind 11, which were drawn at 250 degrees Fahr., were file hard after drawing. 


Comparing Nos. 4 and 5 and Nos. 8 and 9 it is seen that 400 degrees 
ir. is too high for the drawing of this steel for the same reason that applies 
Nos. 6 and 7, whereas 350 degrees Fahr. leaves the pieces file hard atter 


rawing. 


It seems almost paradoxical that these steels exhibit in the hardening 
ge a low .Brinell and at the same time are practically file hard and can 
deformed readily. Similar observations have been made on a variety of 
er steels which harden solid in oil, such steels containing about 1.00 per 





nt tungsten; chrome and tungsten; chrome, vanadium and_ tungsten; 


irome; and chrome and vanadium. Data is being prepared on high spee«| 


steel. 


The foregoing tests indicate that all steels, and perhaps high speed steel, 
hen quenched and hardened solid first shrink and then expand. The non- 


magnetic properties of water hardening steels in the hardening range ar 
itheult to determine because of the rapidity of quenching but by reference 
o test No. 14, it is noted that when a water hardening steel hardens solid in 
il, it exhibits the characteristic hardening range properties of a regular oil 
ardened steel and vice versa. It can be shown that an oil hardening steel 








































































































































ew tah iadien taine litte renal aA abel Deh Ri ai tra ge 








ae 

































































TRANSACTIONS OF 


512 AMERICAN SOCIETY FOR STEEL TREATING M 


like Nos. 1 or 3 when quenched in water have the characteristic properti 
a water hardening steel. Therefore, it is logical to assume, and it may 
be demonstrated that all steels whether oil or water hardening, which ha: 
solid when quenched, are at some stage of the hardening range nonmag: 


Since the steels in this paper, of the oil hardening type and also 
14, are nonmagnetic in the hardening 
by many that all steels above the Ac 
it is well known that steels above the 


range, and since it is the theory 
range contain gamma iron, and 
Ac range are nonmagnetic, it natu 
follows that the steels in this report contain gamma iron in the hard 
range and are therefore austenitic in that range. 

Since in order to harden, a steel must pass through the Ar rang 
follows that these steels have not passed through the Ar range when t 
from the oil in the hardening range but the Ar has been suppressed 
temperature approximating 400 to 500 degrees Fahr. <A further deduct 
is that in the hardening range austenite occupies a smaller volume and 
a higher specific gravity than martensite, 

This deduction as to the specific gravity of the microconsituents is 
entirely on the observations of the change of volume of the steels as n 
in these tests and is therefore only a tentative deduction. It may well 
proved that these changes of volume are not alone due to the formatio, 
the different microconstituents but also may be due to intermolecular cha 
on account of change of temperature. The writer does not seek to propo 
theories in this paper but merely wishes to draw attention to certain obse1 
tions. It is earnestly hoped that these observations may draw from ot 
metallurgists more and clearer reports and deductions. 


It would seem safe to say that the practical value of this investigat 
is that it indicates certain possibilities. It is perfectly apparent from 
tests that when a steel which hardens solid is quenched it first contracts 
then expands in the hardening range. Since this expansion begins and 
most rapid at the thinnest section and in the region farthest from the cent 
of the steel it naturally follows that any quenched steel such as punches, di 
cutters, etc., should be withdrawn from the quenching medium in the harde 
ing range and placed at once in a medium sufficiently hot to permit the mai 
tensite to form slowly and completely and uniformly but not hot enough 
start the decomposition of the martensite into troostite or sorbite. 


It may be stated as a truth that a steel properly treated in the hard 
ing range, providing of course that the steel is of the correct analysis 
has been made right, will be less liable to rupture and will show a minimu 
of deformation. 

Attention is called to photomicrographs, Figs. 1, 2; 3 and 4. Fig 
is No. 1 steel quenched in oil from 1475 degrees Fahr. until cold and th 
drawn 15 minutes in oil at 350 degrees Fahr. Fig. 2 is No. 1 steel quench 
in oil from 1475 degrees Fahr., removed in the hardening range and dra 
at once for 15 minutes in oil at 350 degrees Fahr. Fig. 3. is No. 2 sti 
quenched in water from 1440 degrees Fahr. until cold and then drawn 
oil at 250 degrees Fahr. for 15 minutes.- Fig. 4 is No. 2 steel quenched 
water from 1440 degrees Fahr., removed in the hardening range and draw: 
once in oil at 250 degrees Fahr. for 15 minutes. 


Both Figs. 2 and 4 show a much more perfect martensitic structw1 


than Figs. 1 and 3. It would be expected that Figs. 2 and 4 would be mu 
tougher steels than Figs. 1 and 3 and with better cutting qualities. It seen 
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sonable to suppose that a steel cooled slowly through the hardening range 
uld be more completely martensitic whereas the same steel quenched regu- 
ly might have in its structure some trapped austenite. 

It can be stated further that soft spots in oil ‘hardening steels which 
rden solid can be detected in the hardening range with absolute certainty by 








3 


I—No. 1 steel quenched in oil from 1475 degrees Fahr. until cold and then drawn 15 minutes 
il at 350 degrees Fahr. X 855. Fig. 2—No 1 steel quenched in oil from 1475 degrees Fahr., re 
ved in the hardening range and drawn at once for 15 minutes in oil at 350 degrees Fahr. X 855. Fig. 
No, 2 steel quenched in water from 1440 degrees Fahr. until cold and then drawn in oil at 250 
grees Fahr. for 15 minutes. X 855. Fig. 4—No. 2 steel quenched in water from 1440 degrees Fahr., 
noved in the hardening range and drawn at once in oil at 250 degrees Fahr. for 15 minutes. X 855 
ie use of a magnet. 


The writer has demonstrated this beyond a reasonable 
loubt. 


It should be strongly emphasized that a steel taken from the quench- 
g bath in the hardening range should be placed at once in a medium of the 
roper temperature. Steels withdrawn in the hardening range are very liabie 
' rupture if allowed to cool in the air. The reason is perfectly obvious. 

Indeed, it seems almost a miracle that all quenched steels do not fly to 
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pieces and it can only be explained, at least to the writer’s mind, by the 
that the Great Creator Himself gave the hardening power of steel for 
use of mankind. 

The author desires to give acknowledgement and thanks to W. L. A, 
assistant director of testing department, for his able and enthusiastic 
operation in the preparation of this paper. 


DISCUSSION OF MR. CHAPIN’S PAPER rhe 
By Zay Jeffries tl 
nal 
HIS work of Mr. Chapin fills an important gap in the history of ste us 
treating. In the early days of the study of critical points and study of plat 
structure under the microscope, it was believed that the rapid cooling sid: 
steel from above its critical point did not greatly change the temperature car 
of transformation but it was known that the resulting structures and Th 
physical properties were greatly changed by tthe rapid cooling through stil 
the critical range. A few years ago Portevin and Garvin’ showed con 
thermal analysis that the constituent known as martensite, which is the | Ch 
hard constituent in steel produced by quenching, was in reality formed a 
at a temperature near 300-.degrees Cent., whereas the transformation on for 
slow cooling takes place at a temperature near 700 degrees Cent. of 
Mr. Chapin now confirms the conclusions of Portevin and Garvi: po 
and adds the very important information that the rate of transformation 
of austenite to martensite is sufficiently slow within the temperature mi 
ranges of 200 to 300 degrees Cent. approximately, that Brinell hardness tal 
measurements and length measurements can be made on the steel while fo! 
it is still austenite, after which martensite forms quickly with further ch 
cooling or more leisurely if the steel is all8wed to remain at a tempera in 
ture of 200-300 degrees Cent. au 
Mr. Chapin’s results also make it possible to calculate more accur dt 
ately the increase in volume when austenite changes to martensite than to 
has heretofore been possible. Taking his tests Nos. 1, 2, 3, 12, 13, and to 
14, it is found that there is an average increase in length of 0.31 per cent \\ 
of the martensite at room temperature as compared to austenite at a tem th 
perature which we will call about 200 degrees Cent. Inasmuch as the ti 
steel should contract about 0.25 per cent on cooling from about 200 de C: 
grees Cent. to room temperature, it is probable that the actual increase h 
in length at the temperature where martensite is formed is about 0.55 p 
per cent. This would mean an increase in volume of about 1.65 per cent. n 
There seems to be no particular relation between the increase in length € 
and the increase in hardness inasmuch as sample No. 1 which increased 
0.24 per cent in length was as hard as sample No. 13, which increased ; 
0.37 per cent in length. p 
Dr. Arne Westgren in Sweden and Mr. Bain and the writer in Cleve a 
land, have shown definitely by means of X-ray crystal analysis that the t 


crystal lattice of austenite is face centered cubic and that of ferrite, that 

is ordinary alpha iron, is body centered cubic. We have also shown that 

manganese steel which is also austenitic has a face centered cubic lattice 

whereas martensite has the same lattices as alpha iron. For the first 

time, therefore, we are sure that martensite is alpha iron, or at least that 
1—Journal, Iron and Steel Institute, No. 1, 1919, p. 469. 





The author, Zay Jeffries, is director of research, Aluminum Co. of America 
Cleveland 
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1a iron is the principal constituent of martensite. ‘his is consistent 
h the fact that the change of austenite to martensite is always ac- 
ypanied by an increase in volume because the face centered cubic lat- 

of austenite represents close packing of the atoms, whereas the body 
tered lattice of ferrite 1s not a close packed lattice. 

In Chemical and Metallurgical Engineering for June 15, 1921, R. S. 
ther and the writer presented a paper entitled “The Ship Interference 
eory of the Hardening of Metals” in which we put forth the proposi 

n that martensite is composed of very fine grains of ferrite and is 
hard chiefly because of the fineness*of the grain. The expansion when 
ius stenite changes to martensite is typical of the expansion which takes 
lace when pure gamma iron changes to alpha iron. In steels we con- 
ider that the carbon is dissolved in the austenite as individual atoms of 
area Ferrite does not dissolve any considerable quantity of carbon. 

(Therefore, when austenite changes normally to its transformation con- 

stituents, the iron changes to the alpha form and the atoms of ao 
gees with the proper proportion of iron to form the compound Fe, 

he formation of this compound is accompanied by a contraction a in 
a an containing about 1 per cent carbon, the contraction due to the 
formation of cementite is about equal to the expansion due to the change 
of gamma iron to alpha iron, so that slowly cooled steels of this com- 
position show no appreciable ‘volume change at the critical temperature. 

When steels of this composition are quenched, however, 


as shown 
more accurately in Mr. Chapin’s paper than heretofore, the 


expansion 


takes place just as if the carbide had not formed simultaneously with the 
iormation of martensite. Other considerations point to the same con- 
clusion. If the carbide is allowed to form, contraction immediately 


sets 
in. Also the heat given off when a 1 per cent carbon steel changes from 


austenite to pearlite at a temperature of about 700 degrees Cent. is partly 

due to the transformation of gamma iron to alpha iron and partly to the 

tormation of cementite. There is heat given off when austenite changes 

to martensite but it is not so much as when austenite changes to pearlite. 

When martensite is heated gently a further heat evolution goes on within 

the metal which presumably is the heat generated by the carbide forma- 

tion. Another observation by Honda also points to the conclusion that the 

carbide has not formed in freshly formed martensite. Cementite itself 

rease has a magnetic transformation point at about 220 degrees Cent. This 

0.55 point is not observed on heating freshly formed martensite but after the 

cent. martensite has been heated to 300 degrees Cent., 

ngth either on cooling or heating. 

sased These and other considerations lead to the conclusions which Mr 

asec Archer and the writer came to in ‘the paper above cited. The work re- 
ported by Mr. Chapin is in complete harmony with these ideas and in 

addition it gives us a better picture of the actual formation of martensite 

the than has ever before been presented. 
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GHOST LINES AND GRAIN. ELONGATIONS IN HOT ROLL! p 
AND COLD DRAWN LOW CARBON STEEL WIRE 


By N. B. Hoffman 


O SHOW the relation existing anne ghost lines, bands, 
elongated grain structures, as found in low carbon steel wire, is 


purpose of this article. In considering a ee of this kind, we shi gs 
first decide just what is a ghost line, a band, an elongated grain sti cooe 
ture, and what metallurgical conditions lend themselves to their prod cs 
tion and growth. Some metallurgists are prone to call all three of tl a 
ghost lines, while others would call them bands. »s 

Technically speaking, it is generally interpreted that a ghost ling r 
the metal, when under examination with the microscope, contains w! a 
bands or streaks of ferrite of various widths and lengths which are +; 
pregnated with abnormally large proportions of manganese sulphide <a 


phosphorus. They may be brought about by several causes. Rosenhai 2: 
says phosphorus is present in solid solution in the ferrite of the ing 
but in the form of solid solution cores, so that the phosphorus content 
each crystal increases from its center to its periphery. When rolled 
these crystal cores assume the form of elongated masses, and althou 
the ferrite itself undergoes complete recrystallization possibly repeated] 
there is nothing to cause the phosphorus to migrate except the process 
of diffusion, which is particularly slow in that case. The result is t! 
in the finished material the phosphorus rich ferrite still remains in lo: 
bands or streaks and these bands pass indifferently through numbers 
individual crystals, indeed, an individual crystal may be partly within and 
partly outside of the bands. The growing ferrite crystal has simply used 
the material it found at hand whether rich in phosphorus or not. 

Another claim is that ghost lines are formed in rolling or forging 
through the crystallizing of ferrite around strings of enclosures which are 
elongated in the direction of rolling. Particularly is this condition found 
in rolling at high temperatures. All steel contains a certain amount 0! 
sonims, or solid nonmetallic impurities, and when these amounts are 
small, finely divided and uniformly distributed throughout the metal. 
they should not be detrimental to the efficiency of the steel, but when the 
sonims are segregated and elongated as found in ghost lines, they pr 
duce points of weakness. 


eds 


ne mere tS eT 


More or less confliction of opinion exists concerning bands. Th« 
author finds most authorities use the word band when referring to a: 
elongated line of ferrite, which is simply another way of referring to 
ghost line. Elongated grain structures as caused by cold work either in 
drawing or cold rolling, can be restored by annealing and you do not 
have the inclusion of nonmetallics. This condition is confined principally 
to low carbon wire steels having a carbon content under 0.20 per cent. 

When a steel wire is reduced in area by drawing through a draw plat: 
the grain structure is elongated in the direction of drafting with each suc 
cessive draw until a point is reached where the grains have been elongate: 
to their limit of ductility and break due to brittlenes: s. To overcome thi: 
condition the wire is given what is known as a process anneal at variou- 
stages during the reduction in area. This annealing process is usuall) 





. A paper presented at the Indianapolis Convention. The author, N. B. Hoffman 
is chemist and metallurgist, Colonial Steel Co., Pittsburgh. 
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“LED iplished by heating the wire to between 1200 to 1280 degrees Fahr. 
quenching the coil in water at a temperature of 65 degrees Fahr. It 

t also be said that in the excessive reduction of area without an 
we invite another hazard, which of course has no direct bearing 
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rious ‘rain structures of hot rolled low carbon open-hearth steel wire during rolling operations. Fig. 1— 
uall, structure of 0.312-inch diameter steel rod following anrreal at 1280 degrees Fahr. X 75. Fig. 2 
« \ c . e . gee ; . . . 
- wire after one pass and reduced to 0.251 inches, X 75. Fig. 3—-Same wire atter two passes and 
ed to 0.197 inches. X 75. Fig. 4—Same wire after three passes and reduced to 0.175 inches. 
fman XN 7/9) Fig. 5—Same wire after four passes and reduced to 0.148 inches. X 100. Fig. 6—Same wire 


six passes and reduced to 0.108 inches. X 75. 
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on elongated grain structures. That is cupping and by it we m« 
cupped shaped fracture in the center of the wire. ‘This conditi ’ 
caused by the center of the wire being harder than the surface and \ 
it is drawn through the die, the surface flows faster than the ce 
thereby causing an uneven strain on its internal structure, finally 
ducing the cupped shape internal fracture. 

In analyzing the three structures, two types of steel were used, 
a high grade basic open hearth and the other a basic bessemer. 
analysis of each type is as follows: 


Open Hearth Bessemer 
Per cent Per cent 
Ee ee COT EET ee Pe er Te 0.19 GE a re bis 5. ek aeroleaaes 6 + 0.13 
ND in os bis o Rabe a eek aie 0.21 ESE ae oe ee 0.43 
PRROUGONED on gc ccvcesesesvncsses . We Gino wate oO Mw ome 0. ().082 
SUE iw tines teens Odes Cob eawenes ae, en. Cattell oGbindscadbe Ke 6.645 ().047 
See.” 2S ive) wk bean baed aban 0.09 ES a, ee 0.11 


The basic open-hearth steel was hot rolled to 0.312 inch after which 
it was cold drawn by the usual process. The bessemer steel was hot 
rolled to 0.207 inch, after which it was given two draws and reduced in 
diameter to 0.148 inch. 

Ghosts rich in phosphorus may be revealed by several methods. One 
of the more important is by the use of Stead’s copper reagent, which is 


ik 





prepared as follows: 5 
Ce I Ste ak ga wae ais ue vc 0k 0 S/elnah Mane oes be we 10 grams 4 
rr eo. ss ce cic ea Ke GS 6 CU ERE SEAS Oe aR 40 grams ~ 
he alee gil cine Mie » ailsihie am aiaas amck-alaiad 20 cubic centimeters X 
a Pe ee eee 1000 cubic centimeters X 

The above salts are dissolved in water to saturation and the whole 


covered with a thin layer of the reagent and is never immersed in a 
bath of the liquid. The layer of liquid after remaining on the surface for 
one minute, is shaken off and a second layer dropped on the surface and 
left for the same period. ‘This procedure is repeated as often as it is 
found desirable, after- which the specimen is washed with boiling watet 
and then with alcohol. The sample is heated enough by the water to re 
move the last traces of alcohol. If the reagent is applied in successive 
portions and the difference in the proportion of phosphorus be slight, the 
copper invariably precipitates on the purer portions first; but on repeated 
applications the copper gradually deposits also on the parts richer in 
phosphorus, and after many applications of the reagent the whole surface 
including the phosphorized parts, becomes coated with copper. How 
ever, if the phosphorus is very much concentrated in one or more parts, 


these remain perfectly bright and free from copper even after 10 appli 
cations of the reagent. 


In showing micrographs, the author has used the center of the wire 
and a section longitudinal to the rolling or drawing axis of the same. Al! 
etching was done with an alcoholic solution of 5 per cent nitric acid and 
all micrographs are 75 diameter magnifications unless otherwise noted 
We will first consider a basic open-hearth drawn wire showing the gradua! 
breaking up or elongation of the grain structure after each pass. 

The wire was hot rolled to 0.312-inch rod after which the coil w: 
heated to 1280 degrees Fahr. and quenched in water at 65 degrees Fah: 
This treatment would give a semi or process anneal, and is the method 


made up to 1000 cubic centimeters with ethyl alcohol. ‘The specimen is 
| 
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le ‘rally used for this class of work. Fig. 1 shows the grain structure of 
HO js )312-inch rod after it has received a water anneal at 1280 degrees 

Wier ‘yr, Fig. 2 was taken after the preceding rod had received one pass 
cenier, | reduced in diameter from 0.312 to 0.251 inch. It shows a gradual 
\ - be king up of the grain structure. Fig. 3 was taken after the wire had 
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X 75. Fig. 8—Structure 

75. Fig: ®#-A 
75. Fig. 10—Same as Fig. 9 
X 75. Fig. 11—Same as Fig. 10 but X 330 
draws without heat treatment. X 75 


Fig. 7—Same wire as in Fig. 1 after 10 passes and reduced to 0,070 —_.. i? y 
| wa of open-hearth steel wire after two draws, being reduced irom 0 a to - 7 inch. 2 
: 9 ; . oy ts ’ . . . og ir. 
Faht section of the wire drawn to 0.197 inch and heated to 1350 degrees Fahr 
heated to 1600 degrees Fahr. and cooled slowly. 
etho: Fig. 12—A specimen reduced from 0.312 to 0.108 inch in s1x 
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received two passes, and had been reduced in diameter from 0.2 
0.197 inch and shows. the grain structure beginning to break 
elongate in the direction of drawing. 

Fig. 4 was taken after the wire had received three passes, a 
been reduced in diameter from 0.197 to 0.175 inch and shows th. 








wet Se ne? 









_, Fig. 13—Same specimen_as Fig. 12 but X 150. Fig. 14—Same as Fig. 12 but heated to 1350 de 
Fahr. and cooled slowly.. X 75. Fig. 15—Fig. 14 heated to 1600 degrees Fahr. and cooled s 
X 75. Fig. 16—Same as Fig. 15 but X 150. Fig. 17—Same as Fig. 15 but X 330. Fig. 15 


overdrawn specimen showing the characteristic cup fracture. X 75. 
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0 ture continuing to break up. Fig. 5 was taken atter the wire had re 
“ | four passes, and had been reduced in diameter from 0.175 to 0.148 
| In this we see the grain structure being still further elongated 
» was taken after the wire had received six passes and had been re 
ri in diameter from 0.148 to 0.108 inch. In this we see the grain 
a ture so badly elongated as to indicate ghosts. lig. 7 was taken 
the wire had received 10 passes and had been reduced in diameter 
0.108 to 0.070 inch. In this micrograph we find the grain struc 
o> we, 
ye: very badly elongated. _ 3 Rs 
BS * We will next take two of the drawn samples exhibiting the elongated 
a? n structures which are often confused as ghost lines, anneal them and 
Ey Ss the restoration of grain structure and the absence of any impreg 


Co | ee d nonmetallic inclusions. Fig. 8 is a section of wire which has 
. We . . . - > . 
BS ck had two draws, being reduced in diameter from 0.312 to 0.197 inch. 

a “WwW : : ° * as . O7 : 
eye | l 9 is a section of the wire which has been drawn to 0.197 inch and 


ted to 1350 degrees Fahr., and even at this low temperature we find 
elongated grain structure practically broken up, but of course the 
has not been carried high enough to have any real grain growth 
10 shows the preceding specimen heated to 1600 degrees Fahr. and 
led slowly. In this we see a good recrystallized grain structure con 
ling no impregnated impurities. lig. 11 is a view of the preceding 


imen which had been heated to 1600 degrees Fahr. and magnified at 
330 diameters. 


a Fig. 12 is a specimen that has been reduced in diameter from 0.312 
0.108 inch in six draws without any heat treatment. It shows a 

elongated grain structure. Fig. 13 is from the same specimen as 

- the preceding micrograph, but magnified at 150 diameters, and shows 
h. hie lainly what is often called ghost lines. Fig. 14 is the same specimen 

ys ch has been reduced in diameter from 0.312 to 0.108, and which has 
i een heated to 1350 degrees Kahr. and cooled slowly. In it we again see 
’ elongated grains rearranging themselves to form a new structure 

15 shows the preceding specimen heated to 1600 degrees Fahr. and 

led slowly. In this we see a good crystallized grain structure con 

Lt ning no impregnated impurities. Fig. 16 is the same specimen as 
wn in the preceding micrograph magnified at 150 diameters, Fig. 17 


the same specimen as shown in the preceding micrograph magnified 
330 diameters. Fig. 18 is from a specimen of wire which had been 
erdrawn, and exhibits the characteristic ‘cup fracture. 

We will next consider a sample of hot rolled bessemer steel, the mi 
graphs show these samples to contain well defined ghost lines. Fig. 
shows a section of wire after it was hot rolled to 0.207-inch and drawn 
0.148-inch in two draws without any heat treatment, and shows three 
tinct bands which after heat treatment are shawn to be true ghost 
es. Fig. 20 is the same specimen as shown in the preceding micro 
ph, except that it has been heated to 1350 degrees Fahr. and allowed 
‘ool slowly. In it we see the bands persisting but with the ferrite be 
ning to recrystallize. Comparing this micrograph with Fig. 14, in 
elongated grain structure series shows the persistence of the bands 
the latter instance. Fig. 21 is from the same specimen as the preced- 
micrograph except that it has been heated to 1600 degrees Fahr. and 
led slowly. Fig. 22 is the same specimen as in the preceding mi 
graph except that it has been heated to 1700 degrees Fahr. and al 
ved to cool slowly. In it we see the grain structure entirely broken 
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up, but with the lines of inclusions which are high in phosphorus j: 
It is also noted that they extend directly through the grains and d 

follow the grain boundaries. Fig. 23 is another view of the prece.|ing - 
specimen, magnified at 150 diameters to show the line of inclusions 
in phosphorus running directly through the grains. Fig. 24 is a \ijey - 
of the preceding specimen magnified at 330 diameters, to show the e 












Fig. 19—Structure of a bessemer steel wire hot rolled to 0.207-inch diameter and drawn to 0.148 
inches in two draws without heat treatment. X 75. Fig. 20—Same as Fig. 19 but heated to 135 
degrees Fahr. and cooled slowly. X 75. Fig. 21—Same as Fig. 19 but heated to 1600 degrees Fah: 
and cooled slowly. X 75.° Fig. 22—Same as Fig. 19 but heated to 1700 degrees Fahr. and cook 
siowly. X 75. Fig. 23—Same as Fig. 22 but X 150. Fig. 24—Same as Fig. 22 but X 330. 
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ed grain growth due to the presence of phosphorus in solid solution 
he grain. It will be noted that one grain covers practically the en 
micrograph. 
specimen of bessemer wire as drawn and shown in Fig. 19, was 
ted to 1600 degrees Fahr. and cooled alge then polished and etched 
Steads copper reagent, as previously described. Copper is precipi 
‘d on the parts low in phosphorus aad not on the areas high in phos 
rus, and in the following micrographs, Figs. 25 and 26, which represent 
above copper treated specimen, is noted the distinct heavy white 
nes or ghosts high in phosphorus. 
In conclusion the author might say that in examining steels low in 
phorus and sulphur, he has found but few ghost lines, while in 


br Se . m 


>, San oe li Oa ented 
s , 


aO 


Bae .: = Sip cia elena mena ac 


Figs. 25 and 26—Specimen shown in Fig. 19 heated to 1600 degrees Fahr. and cooled slowly, then 


polished and etched with Stead’s copper reagent. X 75 Heavy white lines represent ghosts high in 
isphorus. 


steels high in sulphur and phosphorus, they have often been very prolific 
due to the presence of much material necessary for their growth. We 
all have our pet ideas as to the most fertile conditions for the yrowth of 
ghost lines, but personally the author believes there are as many formed 
by very hot rolling as produced by any other cause. Ile also believes 
that hot rolling has as much to do with it as the freezing of dendritic 
properties in the ingots. 
Discussion of Mr. Hoffman’s Paper 
MEMBER: How many passes were made of that steel wire before 
you got your first fracture? You say you reduced it from 0.312 to 0.079 
iches? 
MR. HOFFMAN: You mean, how many passes were made on the 
vire? 
MEMBER: Yes, before it got so brittle it broke in the operation. 
MR. HOFFMAN: Ten. I believe you are as familiar with the ordi- 
y practice as I am. If I am not mistaken, five drafts are considered 
the maximum, although most people do not take over three. 
148 MEMBER: You annealed the open-hearth bar after hot rolling be 
ne re you started drawing? 


cool MR. HOFFMAN: Yes. 




































TRANSACTIONS OF 
924 AMERICAN SOCIETY FOR STEEL TREATING 





MR. FOLEY: What is the effect of that striation of whic 
mention on the quality of wire? 

MR. HOFFMAN: Brittleness. 

MR. FOLEY: Brittle wire with long stringers in it? 

MR. HOFFMAN: Absolutely. Where you have an elongat: 
tion such as shown in Fig. 23, with a line of sonims running d 
through the grain structure, the metal body is naturally weakened 





MR. FOLEY: The bands themselves are the cause of brittle: 

MR. HOFFMAN: The phosphides and sulphides are really the 
of brittleness, naturally, but a wire overdrawn, we will say, is bou 
be brittle, but that same wire will get. brittle much quicker if ; 
full of sonims and ghost lines. 

MR. FOLEY: You find when you have the long bands or 
that it will break quicker than otherwise? 

; MR. HOFFMAN: Yes and you will be surprised how numerou 
are in some wires. 

MR. FOLEY: In the case of the bessemer wire, did you just 
the two passes and quit? 

MR. HOFFMAN: Yes. 

MEMBER: You have no comparison? 

MR. HOFFMAN: No comparison. I did not draw it down 
same number of passes for the reason that my only thought wv 
show the comparison between elongated grain structure and a ghost 

MR. FOLEY: Wrought iron would be particularly brittle. 

MR. HOFFMAN: Wrought iron is permeated with elongat« 
inclusions, and as hot rolled it is not brittle. but were it reduc: 
drawing through a draw plate as in a wire, undoubtedly it woul 
weak. 

MR. SCOTT: The carbon point in both wires was very low? 

MR. HOFFMAN: Very low. Ten. 

MR. SCOTT: Which structure did you use? You had two 
various grain sizes. You used the smallest? 

MR. HOFFMAN: I dont quite get your question. I used the 
ous grain sizes obtained through the different heat treatments. 

MR. SCOTT: I wondered what your finished product was. 

MR. HOFFMAN: The finished product, we will say, really sh 
be around the third draw, after the third or fourth draw, which 
shown. 

MR. SCOTT: That was annealed at 1350 degrees Fahr.? 

MR. HOFFMAN: You would not have a finished product in 
annealed condition. 

MR. SCOTT: I did not think so. 

MR. HOFFMAN: No, the micrograph in Fig. 5 will illustrate t! 
point. The idea of the process of annealing, of course, is to make 
metal malleable in order that it may be worked readily. I would: 
carry a wire any further than the reduction shown. If you did I wou 







say it would be liable to be dangerous. That has had four draws, rat! 
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ivy ones. When you say so many draws and so many drafts you 
ist assume reduction at the same time. 

MR. FOLEY: Why do you say that hot working would be respon 
le for this rather than that they have their hardness in the dendritic 
ucture? How could hot working cause it? 

MR. HOFFMAN: It is claimed in hot working the nonmetallics 
vw together and the ferrite crystallizes around the sonims, just the 
ne as it would in. the ingot. My assertion has been caused more 
ugh observation. I have noticed in numerous cases where some 
res of the same batch of metal would be hot worked and the others 
ld worked, the hot worked material invariably would be worse than 

cold worked metal. 

MR. FOLEY: I know you have used agents in trying to get rid 
that same banded structure, used a high temperature for a long time 
the purpose of diffusing the phosphite and sulphite. Is it safe to do 
at a high temperature? 

MR. HOFFMAN: I used a high temperature to crystallize the ferrite 

MR. FOLEY: The high temperature promoted a diffusion? 

MR. HOFFMAN: No. Merely recrystallizes the ferrite 

MR. FOLEY: I remember Charpy did the same thing with a high 

temperature. He succeeded in diffusing phosphite and sulphite and in 
breaking up the structure. 

MR. HOFFMAN: Yes, by soaking at a high heat for a number of 


a. 


lays, but that procedure would be impossible as a commercial proposition. 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Published j, mn 
Transactions Are Open to Comment and Criticism in This . 
Column—Members Submitting Discussions Are Requested : 

to Give Their Names and Addresses 


CARBON CONTENT CORRECTED 


N THE discussion “Cyanide Data Seems Confusing” by Stanley P. R 

well, which appeared on page 442 of the February TRANSACTIONS, the | 
bon contents mentioned in the first paragraph were found to be in error. tio’ 
When corrected the second and third lines should read ‘Various investigations rol 
have analyzed the case formed in cyanide hardening and found that the 
carbon content varies from 0.3 to 0.6 per cent.” 


————$ 


EFFICIENCY OF DIFFERENT MIXTURES FOR CYANIDE 
HARDENING AND THE ROLE OF NITROGEN IN 
THE PROCESS 


HE following comments are relevant to the constructive criticisms which 

appeared on page 443 of the February TrANsaAcTions. With reference to 
Mr. Brophy’s remarks, the author is pleased to reply thereto in the orde 
of their presentation : 

Depth of Case. The depth of case, as recorded in the subject paper, “is 
ascertained by measuring the distance from the outer edge of the specimen 
to the center of the second zone.” Mr. Brophy writes that he measured the 
depth of penetration by “estimating the distance from the surface to the 
innermost needle.” Such procedure, in my opinion, is uncertain. Nitrogen 
needles possess a roving tendency. They may be found in cyanided speci 
mens at depths appreciably below the accepted case. The writer's paper 
purports to the depth of case, whereas Mr. Brophy’s criticism deals with the 
depth of nitrogen penetration. They are distinct. 

Carburizing Action. The writer's use of the word carburizing is justified 
Attention is also called to the fact that Mr. Brophy uses the word in a simi- 
lar sense namely: “When Na,CO, is melted it isa well known fact that CO. 
is liberated, also that NaCN is an active reducing agent. Therefore, is it not 
possible that CO, is reduced to CO with the formation of NaOCN, and the 
steel carburized by CO?” Carburizing is defined as the introduction of car 
bon into steel or iron while the metal is below the melting temperature. Mr 
Brophy’s experiments confirm the writer’s use of the word carburizing. His 
original specimen contained no carbon. An analysis subsequent to the cyan 
iding operation revealed 0.33 per cent carbon. 


It is admitted that nitrogen hardens steel, but it is equally true that cai 
bon functions in a similar manner. The hardness of the cyanide case, iS in 


the writer’s opinion, the result of the combined influences of nitrogen and 
carbon. 


Sodium Carbonate. Mr. Brophy also questions the accuracy of the state 
ment that sodium carbonate is inert. Attention is directed to the Curve /’ 
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the subject paper page 298, January TRANSAcTIONS, which represents the 
rformance of a bath containing 76 per cent 
Note the absence of 


sodium 


sodium cyanide, and 22.5 per 
carbonate. 
curve practically parallels the 


Notwith- 


carbonate. 


erefore, by a process of elimination, the writer re-affirms his statement that 
dium carbonate is inert. 
Mr. Brophy further states that “the term ‘Flavite’ given to 
is patch constituent by Mr. Hillman, is a new one, not having been used 


Flavite. 


previous publications.” The word was used by J. 


Kirner in his publica 


which records his remarkable observations on the case hardening of 
eel, especially in regard to the effect of nitrogen; “Metallurgie” 1911, Vol. 8, 


ive 72. 
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Worcester, 
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Mass. 


In the 1915 edition of Giolitti’s admirable work on the “Cementa- 


tion of Iron and Steel,” the word appears on page 139 in precisely the same 
ole as that used by the author. 


HILLMAN, Metallurgist, 
Wi irks, 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing of 
Practical Questions in Heat Treatment—-Members Submitting 
Answers and Discussions Are Requested to Refer to 
Serial Numbers of Questions. 


Pl 


QUESTION NO. 5. What is needle bar stock? 


QUESTION NO. 6. Does the temperature in the carbonizing bo. 
pot at any time become greater than that .of the furnace in which it is 
ing heated? 


QUESTION NO. 7. May tools be heat treated properly in a fur 
in which copper is present? 

QUESTION NO. 8. What is the effect of high and low silicon in 
steel? 

QUESTION NO.9. In carbonizing does not the carbon increase sli 
ly even in the core section? 


sinha ae ; ‘ ; M: 
QUESTION NO. 10. What surface of steel, that is, machined, cy 
rolled, hot rolled or cold drawn, carbonizes fastest and why? 
. : re 
QUESTION NO. 11. Has high speed steel ever been carbonized and “es 

so what were the results? . 
, . “- . . na . . > , \ 
QUESTION NO. 12. How and why is cast iron heat treated? Is thei CI 
such a process as ageing or seasoning castings other than by annealing? I 
}] 
\ 


QUESTION NO. 13. A swaging die for tubing receives 3600 blo 
per minute, It has been found that a scleroscope hardness of about 95 
necessary to prevent excessive wear. When this hardness is obtained c 
siderable trouble is encountered in warping during heat treatment. Is the) 
any steel in which this hardness can be procured without warpage? 


QUESTION NO. 14. What can be done to prevent coiled strip stock 
from sticking together when annealed? This stock is bright rolled, wound in 
cous and pack annealed and the coils sometimes stick together. It cannot 
softened by heating below the critical range for fear of grain growth due t 
critical straining. 

QUESTION NO.17. For some time past we have been water quenc! 
ing steel castings in order to improve their physical properties. These casting 
are mostly shrouded pinions and plain rollers, weighing from 150 to 50 
pounds each. These pieces would be immersed in the water bath for a shor 
period of time, usually from one to two minutes and then withdrawn an 
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ved to cool in the ar. Our results have been satisfactory but we feel 

it we can improve this method somewhat by a slight modification in the 
atment. In order to relieve cooling strains, one suggestion is that we pro- 
le a tank filled with infusorial earth in which the castings would be placed 
order that cooling might be slow and uniform. Another suggestion is that 
tead of using a plain water bath, we introduce sodium hydrate in order 
t the quenching may not be quite so severe. We would like to know which 
the above plans would be the better or if there is any other better plan 
ich could be suggested. We do not care to use oil because of its expense. 
NOTE. Rollers may break in the flange a month or more after above 

tment. Loss at present 1s 2 per cent. Pinions, after above treatment, are 

zn in furnace to 1200 degrees Fahr. for toughness. If drawn shortly afte 
nching there 1s no trouble, but this ts ‘not always practicable when working 
turn only. If allowed to stand in air after quenching, cracking may result, 

e the suggestion for covering with infusorial earth or ashes. We 


have had 
' one batch to show cracks. 


QUESTION NO. 18. What is the relationship between Brinell ana 
croscope hardness? 

ANSWER. By C. F. Green, Henry Souther Engineering Co., Hart 
rd, Conn. Robert R. Abbott has determined the relation between Brinell 
ud scleroscope hardness probably as definitely as it is possible to do so in 
is contribution to the Proceedings of the American Society for Testing 
Materials, 1915, Vol. XV, under the title “The Relation Between Maximum 

Strength, Brinell Hardness and Scleroscope Hardness in Treated and Un- 
treated Alloy and Plain Steels.” His tests show that the relationship varies 
different grades of steel, and a table of equations for converting from one 
ile to the other is given for the more common kinds: 

Kind of Steel 7 

irbon steel Brinell equals 
Nickel steel Brinell equals 
hrome-vanadium steel Brinell equals 
v chrome-nickel sieel Brinell equals 
ligh chrome-nickel steel Brinell equals 
steels grouped together Brinell equals 


Equation 

.6 scleroscope plus 14 
scleroscope plus 48 
scleroscope plus 27 
scleroscope plus 33 
scleroscope plus 58 
scleroscope plus 28 


inde unuuwvi 


QUESTION NO. 19. What is the shortest time in which malleable 
astings can be annealed to produce the best malleable qualities? 


ANSWER. By H. A. Schwartz, manager of research, National Mal- 
ible Castings Co., Cleveland. A strictly correct reply would probably be 
inity since, speaking broadly, every means of accelerating graphitization 1s 
ctrl to the ductility of the product. A strictly logical conclusion 
us would indicate that, the slower the process, the better the product, 
nce the best product can be made only in infinite time. 
Graphitization proceeds more rapidly and less completely the higher 
temperature. Its commercial execution is accomplished by holding the 
tal for a time at a temperature well above A, and then cooling in such 
manner that the metal shall be at or near A 
complete the reaction. 
Time will be saved by executing the preliminary treatment at the highest 
acticable temperature. However, the higher temperature the 
nper carbon granules and the less the strength and ductility, 


, for a sufficient time to 


coarser the 
consequently 
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there is a limit to the time to be saved by raising the initial tempe: 
Commercial opinion varies as to the highest safe temperature. Some 

facturers feel it unsafe to go above 1500 degrees Fahr.; others go as 
as 1850 degrees ahr. The former makes for quality, the latter for 
A temperature of 1600 or 1625 degrees Fahr. is perhaps a conservative 
dle course. 


Commercial practice varies with respect to the completion of the 


tion. Some metallurgists cool slowly through the critical range; . 
feel it better to maintain a constant temperature just below A, for 
time. The latter course, no doubt, saves time but requires very ac 


control to avoid passing above A, by accident. 

Graphitization can be accelerated by an increase in carbon or 
both of which deteriorate the quality of the metal when present 
large an amount. Here again speed is had at a sacrifice of quality. 

In the early days, using carbon and silicon in amounts now consi 
excessive, it was very common to occupy 7 days for the annealing 
The recent improvements in malleable castings were accomplished in pa 


reductions in carbon, and occasionally silicon and by greater annealin; 
cautions. ‘The time for annealing has thus risen for two reasons. 

The writer has frequently annealed metal in small commercial fu 
in 3% to 4 days. The metal was never of superior quality and frequ 


very unsatisfactory and this attempt to hasten dehveries was de 
abandoned. 

The design of heating furnace also affects the answer since uni 
rapid heating is difficult to attain in large furnaces 
economical of fuel and space. 

Under commercial conditions and on an operating scale, the 
would regard with suspicion metal annealed in less than 7 days and 
not regard 10 or 11 days as excessive. 

Where particular importance is attached to ductility and to mac! 
ability, without sacrifice of strength; still longer times may be called 
A single piece, of inferior quality, could no doubt be produced experin 
ly in around 50 or 60 hours. 


- but such furnac: 


QUESTION NO. 20. What are the causes of warping in the li 
and cooling of steel? 


QUESTION NO. 21. In answering Question No. 3, which appeare 
the January _ of TRANSACTIONS, C. Craine, Mattison Machine IW 


Rockford, Ill., refers to the fact that cast iron gage bases were treated 
temperature rio 600 to 900 degrees Fahr. for a period of 12 to 18 how 


and were allowed to cool in the furnace, the theory being that this treatn 
obviated the necessity for the ageing of the castings. What effect, if 
would have been produced had the castings been heated to a very much hi 
te mperature, say 1600 degrees Fahr.? In view of the fact that certain of 
castings referred to had to be twice re-treated in a similar manner for 
24 hours, before overcoming all effects of warpage, the value of the 
ment seems doubtful. What assurance is there that some of the castings w! 
were treated but once, ought not to have been treated twice, or even tl 
times ? 





able Castings Co., Cleveland. Any casting develops internal stresses due 

















ANSWER. By H. A. Schwartz, manager of research, National Mal! 
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: : " } { ] } eT) ' 
equal cooling and retains its final shape due to a balance between Oppo 
ie equilibrium 1 


} 
} 


o internal stresses. On machining off stresses material, 1 


‘sturbed and the casting warps. Ageing, heating, vibration or the re 
val ot metal with hight cuts on Opposite sides all Serv ¢ as a means OI! 


. . . 1117) \ } “y } 
wly relieving internal stresses and hence of preventing warping on sub 
quent machining. It would seem that to be etfective as an elimimator 0 
isting strains, the temperature reached in heat treating must be sufficiently 
ith to cause a distinct increase in ductility of the iron. Such an increase 1s 


— 


ot observed until the metal is heated above 900 degrees Fahr., but the im 
rease in softness with increasing temperature above YOO degrees Fahr. 1s 


ery rapid. Any temperature above 1400 degrees Fahr. if maintained suf 
ciently long will cause a resolution of the graphite with possible increase 


ff hardness unless cooling is very slow. At temperatures as high as 1600 
legrees Fahr. the metal, if it contains graphite, must be protected from oxy 

ren, or carbon dioxide, else these gases will oxidize carbon, penetrate into 
he metal first where the graphite was and later along the grain boundaries, 
xidize the metal and produce a “rotten” product. In any event the cooling 
f the metal must be uniform throughout and quite slow. 








ANSWER. By C. R. Crain, Mattison Machine Works, Rockford, Ill. 
lt is evident that 1 have been misunderstood. * First let me explain that the 
treatment in question was not adopted in preference to the “time and weath 
er’ method, but as an emergency measure to hasten the conditioning of the 
castings. The method used, while not to be recommended as standard prac 













tice, produced results for us that exceeded our expectations and enabled us 
cut the time element considerably. 

To carry the castings to a high temperature than 900 degrees Fahr. 
esulted'in a perceptible softening as well as increase in volume. ‘The size 
ind shape of piece to be treated was the deciding factor as to the number 
of treatments. Small pieces that were not too delicate seldom required 
more than one treatment. Larger castings of delicate shape were first 
treated, then rough machined, then reheated and finished. During rough 
machining operations stresses are usually set up but can be relieved by a 
econd treatment which seldom need be repeated. Close attention and good 
judgment will be necessary to insure success. . 




















QUESTION NO. 22. Can ghost lines be eliminated by heat treatment? 


NOTE. A difference of opinion exists on this subject as shown by 
the four brief answers submitted with the question. N. B. Hoffman says: 
Ghost lines can not be broken. The carbon can be recrystallized but the 


nonmetallics remain. W. J. Merten says: Ghost lines can be eliminated 
by heating to a very high temperature and cooling to the critical point rapid 
ly. Then heat treat from this point. A. M. Cox says: Ghost lines can be 
prevented from forming. W. B. Crowe says: Ghost lines can not be elimin- 
ated but may be modified. 


QUESTION NO. 23. Why is it that a piece of hot rolled steel, of 
a given composition, will not harden in oi! after carbonizing to the degree 
that a piece of the same composition will if first subjected to forging? 
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QUESTION NO. 24. What methods can be suggested for brazi 
high speed sheet steel strips together, preferably during the hardening 
eration? A spelter of copper, tin, aluminum and borax finely pulveriz 
seems to interfere with the proper hardening. The portion of the tool bra: 
must maintain a keen edge and have good red hardness. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Heat Treaters 
By H. E. Gladhill 


CARBONIZING 


EFFECTS OF QUALITY OF STEEL ON CASE CARBURIZING RESULTS. 
H. K. McQuaid and E. W. Ehn. Presented at the February meeting of the Ameri 
Institute of Mining and Metallurgical Engineers. 

The investigation was instituted as a result of occasional irregularities encountered 
the hardening of carbonized roller bearings. Careful study brought out the fact 
the defective pieces could be picked out with the aid of the microscope before 
lening. Open-hearth steel invariably proved to be the offender, electric steel giving 
trouble. Chemical analysis revealed nothing. The trouble seemed to be due to 
tability of the pearlite in the hyper-eutectcid region. The trouble was finally traced 
the steel process, oxidized or overheated lots always giving rise to trouble. 


MAKING A CASE HARDENED CRANKSHAFT. Anonymous, American 
hinist, Vol. 56, Page 72. 

The Franklin Motor Co. is at present carbonizing its crankshafts. The shafts are 
bonized 24 hours at 1600 to 1700 degrees Fahr., cooled in the box and reheated for 
nching to 1450 degrees Fahr. 


CARBURIZING MATERIALS. By H. B. Knowlton, Forging and Heat Treating, 
|. 7, Page 590. 

The various forms of carburizing are briefly discussed. Wood charcoal, leather, 

coal and energized carbonizers are taken up in some detail. The results of 

ne experiments in carbonizing afe presented along with photomicrographs. 
SPECIFICATIONS WHICH DON’T SPECIFY. By C. E. Carpenter, Forging 

Heat Treating, Vol. 7, Page 587. 

Attention is called to the fact that specifications for many technical materials do 
insure that the buyer will get the best. It 4s suggested that specifications for case 
rdening compounds would as yet prove very unsatisfactory. 


ELECTRIC STEEL AND IRON 


THE STATUS OF THE ELECTRIC STEEL INDUSTRY. By E. F. 

Age, Vol. 109, Page 85. 

There are at present 388 electric melting furnaces in this country, 33 being in- 
illed last vear. The sales figures of the various makes of furnaces are given together 
th information on their location. 


Cone, 


MANGANESE STEEL MADE IN THE ELECTRIC FURNACE, By L. 
rton, Jron Age, Vol. 109, Page 4. 

Until very recently minganese steel was made in the converter. Electric man 
inese steel has proven much superior to converter-made stock. Directions for melt- 

practice are given. Manganese steel ordinarily contains 11 to 13 per cent man- 
inese and 1.10 to 1.30 per cent carbon. The steel as cast is very brittle, but after 


heat treatment consisting of quenching the steel from 1800 degrees Fahr., great 
ughness is obtained. 


THE MANUFACTURE OF CHROMIUM BALL BEARING STEEL IN THE 
EROULT FURNACE. By F. T. Sisco, Chemical and Metallurgical Engineering, 
l. 26, Page 71. 

From the results of five years experience in melting high carbon, high-chrome 


el the best procedure has been worked out and is presented in this article. Methods 
detecting hair-line seams are given. 
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ELECTROLYTIC IRON A COMMERCIAL PRODUCT. By Bradley Sitou; 
Iron Age, Vol. 109, Page 32. 

Two electrolytic iron plants are at present in operation, one at Hawthorne, 
and one at Grenoble, France. The properties of electrolytic iron are such as to 
it very useful for any severe drawing or stamping operations. <A _ great 
predicted for its use. Curves and data giving the tensile and anticorrosive pro 
are given. 


MACHINING PROBLEMS 
CUTTING FLUIDS. By E. C. Bingham, Bureau of Standards, Technologic 
No. 204. 

The function of the fluids used in cutting operations were studied in detai 
the various fluids commonly used such as lard oil, mineral oil, soap solution, etc., 
vestigated. As a result of the studies, recommendations are made as to the 
use of the various fluids investigated. 


METALLOGRAPHY AND RESEARCH 

INTERCRYSTALLINE FRACTURE IN STEEL. By D. Hanson, Transa 
of the Faraday Society, Vol. 17, Part 1, Page 91. 

Several examples of intercrystalline fracture in cold worked low and medium 
bon steel and quenched carbon steels are given. In the cold worked steels cor 
may have played some part in the cracking but the main cause in all of the 
was excessive internal strains. The article is illustrated with numerous photon 
graphs. 


THE MECHANISM OF THE FAILURE OF STEEL UPON AND AI 
HARDENING. By G. W. Green, Jransactions of Faraday Society, Vol. 17, Pa: 
Page 139. 

The causes of stressing and subsequent failure suggested are: (a) Increased \y: 
change; (b) decreased molecular mobility; (c) instability due to incomplete 
change and the presence of residual austenite; (d) variable volume change du 
heterogeneity; and (e) the tendency to warp on quenching due to contraction o| 
outer skin. 


CONSTITUENTS OBSERVED IN TUNGSTEN AND MOLYBDEN 
STEELS. By A. Portevin, Revue de Metallurgic, Vol. 18, Page 713. 

A critical metallographic inspection is made of annealed tungsten steels cont 
ing carbon 0.1 to 0.4 per cent and tungsten 5.0 to 7.5 per cent. As a result of 


inspection, four constituents are identified, an iron tungstide, a carbon tun 


1 

+ 

y 1 
SL1Id 


troostite of tungsten and a complex ferritic Fe,W constituent. Attention is called 
the resemblance between the constituents of tungsten and molybdenum steels. 
THE COLLOIDAL STATE IN METALS AND ALLOYS I—MOLTI 1 


METAL. By J. Alexander, Chemical and Metallurgical Engineering, Vol. 26, Page 
The relation of the colloidal state to the “amorphous” state in metals is point 
out and evidence obtained in the ultramicroscopic study of glass is applied to met 


THE COLLOIDAL STATE IN METALS AND ALLOYS II—CRYSTALLIZ i 

TION. By J. Alexander, Chemical and Metallurgical Engineering, Vol. 26, Page 1! d 
This second article takes up the phenomena of crystallization and plastic deforma 

tion from the colloidal standpoint. 


RESEARCH IN THE STEEL INDUSTRY. By J. A. Mathews, Mining 
Metallurgy, No. 180, Page 11. 

The function of the research laboratory is outlined and research programs 
cussed. Numerous instances of the value of research in the steel industry are gi\ 
from the author’s personal experience. 


rs ear 





PHYSICAL PROPERTIES OF STEEL 
EFFECT OF TIME IN REHEATING QUENCHED MEDIUM-CARBON 
STEEL BELOW THE CRITICAL RANGE. By C. R. Hayward, D. M. McNiel 
R. L. Presbrey. Presented at the February meeting of the American Institute « 
Mining and Metallurgical Engineers. 


Pee et ae 
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carbon steel were wate 


in hve minutes nperatures 


44 > mini" t ' TA 
ive minutes al sulhcient 


strength and hardne lempering 
ductility without lowering the same 
1OUul at seem to be long enough to a plish the tem 
completely and even 30 minutes is sufficient at 400 deg , 


tive amount. 


RE TESTS ON CONSTRUCTION STEEI AND THI KRUPP 
A\GPROBE.” By F. Rittershausen and P. Fischer. Stah] und Etse;i 
Page 221. 


. > 


result of approximately 3500 tests, a relationship was established between the 
for resistan Krupp machine and the vield 


point. Tests were mad 
chrome, manganese and 


O11 


silicomanganese steels 


REPORTS OF DIVISIONS OF 
STANDARDS COMMITTEE. Journal 


1 


of the society of Automotive 
Vol. 9, Page 383 


JOU. 


Engineers, 


In the report of the Iron and Steel 


Division, (pages 392-422) in addition. to 
proposed changes im _ specifications, 


information on - effect of heat 


treatment on the physical properties of 
the following steels is given: 1020-1045, 
320-2340, 3120-3140, 3220-3250, 


1 8435-3450. The 1 


information 1s giv- 


2290 222 
IIZI-III 


a tvnical | 
en in charts a typical one being shown 


information on heat tre and uses 
is also civen on. steel 


6120-6195 and 9250-9260 


\ 


THERMOCOUPLES 


LIFE TESTS OF PLATINUM: PLATINUM-RHODIUM THERMOCOUPLES. 
C. O. Fairchild and H. M. Schmitt, Chemical and Metallurgical Engineering, Vol 
26, Page 158. 
Tests made on American and English 
they deteriorated noticeably 


i ul 


noble metal thermocouples showed that 


when exposed to temperatures of 1250 to 1450 degrees 
Cent. The English couple was more 


at fault in this respect than the American. Ex 
periments showed thi 


1 
this variation to be due to volatilization of impurities, especially 
Samples of English thermocouples tested 


showed a marked improvement in 
tures. 


iron 
at a later date and made of purer material 


ability to withstand deterioration at high tempera 
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NEW MEMBERS’ ADDRESSES OF THE AMERICAN SOCIETY FO) 
STEEL TREATING 


EXPLANATION OF ABBREVIATIONS. M represents Member; A _ represents Ass 
Member; S represents Sustaining Member; J. represents Junior Member, and Sb represents Subs 


Member. The figure following the letter shows the month in which the membership became etle 


AMES, HARVEY C., (Jr-2), 217 Birchwood Ave., Davenport, Iowa. 

BALDWIN, R. C., (M-2), Stanley Rule & Level Co. New Britain, Conn 

BECHNELL, EDWIN, (Jr-2), 202 Second Avenue Moline, I! 

BEEBE, G. E., (S-2), 1231 West Ninth St... Cleveland, O. 

CAMPION, D. C., (M-12), 5003 Holcomb, Detroit, Mich. 

DAHLEN, JOHN, (M-11), 1807 South Fifth St., Rockford, Il. 

DIETRICH, F. E., (r.-2), 2915 Eleventh Avenue, Moline, Il. 

DOERR, PAUL ‘C., (A-2), 54 Meridith Street, Springfield, Mass. 

DREVER, HORACE, (M-2), Electric Furnace Construction Co., Philadelphia, P 

EGEBERG, BIRGER, (M-3), Stavanger Electro, Staalverk, Stavanger, Norway 

GAILLARD, S. G., (M-2), American Pulley Co., Philadelphia, Pa. 

HIGGINS, GEORGE H., (M-1), Burd Ring Co., Rockford, IL. 

HIGGINS, RAYMOND L., (M-2), Mahr Mig. Co., Minneapolis, Minn. 

HMOENSHEID, ANTHONY, (M-11), Detroit Twist Drill Co., Detroit, Mich. 

HOPPELL, GEORGE -C., (M-1), 5142 Spruce Street, Philadelphia, Pa. 

LEWTON, ROSS E., (M-2), Studebaker Corp. Plant 2, Sowth Bend, Ind 

LOVE, W. D., (A-2), Atlas Crucible Steel Co. Philadelphia, Pa. 

MACKINTOSH & HEMPHILL CO. (S-2) Pittsburgh, Pa. 

MCTURK, M. H., (M-2), 314 Penna Bidg., Philadelphia, Pa. 

MESTA MACHINE CO., (S-2), Pittsburgh, Pa. 

MORIN, L. H., (M-2), Soss Mig. Co., Grand Ave. & Bergen St., Brooklyn, N. \ 

NOLING, M. N., (M-1), 2004 E. State St., Rockford, Il. 

PECK, C. A., (M-2), 316 E. Monroe St,, South Bend, Ind. 

PHILLIPS, ARTHUR., (M-1), Yale University, Hammond Laboratory, N: 

Haven, Conn. 

RALSTON, A. L., (A-2), 1734 Lafayette Blvd., Detroit, Mich. 

RICHARDSON STANLEY A., (M-2), Madison & Robey Streets, Chicago, I! 

RITTS, H. L., (M-1), 6545 Epworth Bivd., Detroit, Mich. 

ROWAN, HU al (M-1), 178 Northwestern Ave., Milwaukee, Wis 

RUBY, . .. (M-2), 2174 E. Warne Avenue, St. Louis, Mo. 

SPADE J. oe 2), Ludlum Steel Co., Philadelphia, Pa. 

os: masts BusLic LIBRARY, Olive 13th & 14th St., St. Louis, Mo. 
STITES, 7 T., (Mal), 623 Oak Street, Rockford, III. 


—_— " ee pn Eh get: 


ST OKES, , (M-1), Tabor Rd. & Cedar Grove Sta., Philadelphia, Pa. 
‘: rTUMPF, A., (M-2), 210 Smith Ave., Lansing, Mich. 
SU LLIV AN ‘JOHN H., (M-1), Chicopee High School Chicopee, Mass. 


SWENSON, C. E., (M-1), Tarkington Motor Co., Rockford, III. 

THELEMAN, R. T., (Jr-2), 242 Hancock Ave., Davenport, Lowa. 

TITUS, W. E., (A-2), 316 North Third St., Philadelphia, Pa. 

TURNER, JOHN “~ ca 128 Chandler St., Worcester, Mass. 

TUTHILL LEROY (M-3), 546 Adams Ave., Scranton, Pa. 

UNITED ENGINEE RING & FOUNDRY C., (S-3), Pittsburgh, Pa. Attention o! 
F. C. Biggert, Jr. 

VOLKOFF, VLADIMIR, (Jr-1), 199% Eight Street, Troy, N. Y. 

WAL DRON R. E., (M-2), 5033 Vancouver Ave., Detroit, Mich 

WILLIAMS C., (€M-2), 432 West Penna St. Germantown, Pa 


ak om Ral aR TR, P 







CHANGES OF ADDRESS 


BARTLETT, J. W., (M-5)—from Dunn Edge Tool Co., Oakland, Maine, to 596 
Jarnis St., Toronto, Ont., Can. 
BAYLESS, RAY T., (M-1)—from Jas. H. Herron Co., to 2185 Edgewood Rd ‘ 
. Cleveland, Ohio. ' 
; BELIAEFF, S. S., (M-1)—from U. S. High Speed Steel & Tool Co., Green Island 4 
we 08:8. O. Box 44, Troy, N. Y. 
BLUMBERG, HARRY—from Illinois Steel Co. to 1424 W, 14th St., Chicago, Il 
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SOYER, S. H.—from 1005 Hubbard Ave. to Studebaker Corp., Detroit, Mich. 

-RETSCH, A. W., (M-12)—from 1234 Hamilton Ave. to 1234 Harding Ave., 
Detroit. 

-ROOKS, CHAS. A., (M-6)—from 2139 Gilles St., Wilmington, Del., to 1393 
Broadway, Rennselaer, N. Y. 

URRILL, PERCY J., (A-11)—trom 114 Arlington St. to 44 Lincoln Apts., 
Youngstown, Ohio. 

URROUGHS, J. T., (A-3)—from 3063 West Blvd., to 4329 W. 23rd St.. 
land. 

\LER, J. H from Vanadium Alloys St. Co., to 414 Union Bldg., Cleveland 

OLEMAN, JOHN J from 79 Adelaide St. W. to 449 St. Paul St. W.. Mont 
real, P, Q., Canada. 

ONNER, WM. G., (M-4)—from N. 11th St., Rochelle, Lil, to DeKalb. I 

MANIELS, F. C. T., (M-2)—from Beech Glen, Wheeling, W. Va. to R. D. No. 4, 
Klm Grove, W. Va. 

MEMPSEY, H. B., (A-8)—from 253 Broadway to 21 Park Rd. W.. New York City. 

ISNEY, I. oo (A-12) trom 13260 E, W oodbirdge St. to 10201 E. ' 
Detroit, Michigan. 

rILTINAN, D. M., (M-12)—from 27 Dunbar St. 
ton, W. Va 

‘RANGER, D. J., (M-1)—from 1518 S. 48th Ave. to 4725 W. 15th PL, Cicero, I] 

GREEN, C. T. M., (M-2)—from A. Hankey Co., Rochdale, Mass.. to 100 
es Kaston, Pa 

LANDY, H. E., (M-3)—from Washington Steel & Ore Co., Washington, D, ( 
to 773 Elmwood Avenue, Providence, R. I. 

HAYDOCK, JOHN, JR. (M-9)—from 111 Broadway, New York 
Bement Pond Co., Pond Works, Plaintield, N. J 

HENLEY, W A.. (M-12) from VU. S. N. O. P. § Charleston, W Va., to Wood 
stock, Md. 

LLODGE, E., JR., (A 

| 


106, Coraopolis, 


Cleve 


Jefferson Ave., 


to 1223 Virginia St., Charles 


Burks 
City, to Niles 


2)—from Pittsburgh Knife & Forge Co., Pittsburgh, to Box 
\ 


LLOLLERITH, <« B., (M-11)—trom 3515 N. Penn Apt., to 20 W. 34th Apt F 
Indianapolis, Ind. 

HOWLAND, ] \., (A-4)—trom 635 Waveland Ave., 
Ave.., Detroit, Mich. 

HOWLAND, WM. A., (M-1)—from 1217 Maple Ave. to 1316 Lake St., 
ton, Ill. 

HUMMELL, A. S., (M-4)—trom Bloomsbury, N. J., to 122 N. Third St., E 
ton, Pa. 

KRONFELD, G. L., (M-12)—from 1321 Oliver Bldg., to Vulcan Crucible Steel 
Co., 493 Union Arcade, Pittsburgh, Pa. 

MAGILL, B. H.—from American Locomotive Co. to 103 Nott Terrace, Schene 
tady, N. Y. 

MERRIOTT, WALLACE, (M-11)—from Weekes-Hoffman, Inc., to New Process 
Gear Corp., Syracuse, N. Y. 

MOORE, J. W., (A-4)-—from 1404 Oliver Bldg., Pittsburgh, Pa., to Hoskins Mfg. 
Co., 1445 Laughlin Avenue, Detroit, Mich. 

PARDEE, H. A., (M-12)—from Crucible Steel Co. of America, Pittsburgh, Pa., to 
Box 11, Grand Central Station, New York City. 

PEDERSEN, P. P.—from 4126 Zenith Ave. to 4917 S. York Ave., Minneapolis, 
Minn, 

RILEY, ROBT., (M-3)—from 6 Atwood St. tto 11 Priscilla Ave., Olneyville, Sta, 
Providence, R. I. 

ROBINSON, S. R., (M-4)—from Sandusky Foundry & Mach. Co. to 409 W., 
Washington St., Sandusky, Ohio. 

SCHMID, M. H., (M-1)—from United Alloy Steel Corp. to 501 llth St. N. W.,, 
Canton, Ohio. 

SEAMON, W. M., (M-10)—from 41st & Willow St. to 2334 Buxonia Ave., Pitts- 
burgh, Pa. 

SHERMAN, A. H.—from 120 Broadway to Industrial Specialties Inc., 52 Van- 
derbilt Avenue, New York City. 
SOWDER, STANLEY, (M-3)—from 6546 Second Blvd. to 80 Davenport 5t., 

Detroit, Mich. 
STRANAHAN, L.—from Standard Parts Co. to Cleveland City Forge & Iron 
Co., E. 45th & Lakeside, Cleveland, Ohio 


Chicago, to 555 Beautait 


Kvans 
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SURTEES, ROBT. E., (M-2)—from 1622 Hazelwood Ave. to 2919 Ander 
Detroit, Mich. 

THOMAS, R. W.—from 74 S. Meade St. to 519 Carey Ave., Wilkes Barre, Pa 

WELLMAN, V. M.—-from 1105 Chester Ave. to 1224 Oregon Ave., Cleveland. 

WHITE, F. G., (M-ll)—from Y. M. C. A. to the University Club, Grand 
Washington Avenues, St. Louis, Mo. 

WILKINS, CHAS., (M-3)—from 4001 Drexel Blvd. to 833 E. 65th St., care M 
Stinchfield, Chicago, Illinois. 


MAIL RETURNED 


ALBERS, L., JR., 175 Bleecher St., Brooklyn, N. Y. 

ALLEN, R. D., (M-3), Lab. Studebaker QOorp., South Bend, Indiana. 
MORGAN, A. B., (M-12), 107 Columbia Avenue, Charleston, W. Va. 
NELSON, JOHIN, Royal Oak, Michigan. 

SEMONS, FRANK, (M-4), Spring Perch Co., Stratiiord, Conn. 

SMITHIES, M. W., (M-3), Atlas Ball & Co., 4th & Glenwood Sts., Philadelphia, ] 
TISDALE, N. F., (M-3), 47 Johnson Street, Springfield, Mass. 

WILLIAMS, R. W., (M-8), Sheldon Axle & Spring Co., Wilkes Barre, Pa 











TOR pT mens 


% 
$ 















TRANSACTIONS OF 
SOCIETY FOR STEEL 











AMERICAN PREATING 





News of the Chapters 


SCHEDULE OF REGULAR MEETING NIGHTS 


POR the convenience of visiting members, those chapters having regular 
meeting nights are listed below. It is desired that all secretaries 
hose chapters are not included in the list should communicate with the 
,ational Office in order that the list may be as complete as _ pussible. 

Charleston—First Tuesday, Kanawah Hotel, 8 p. m. 
Chicago—Second Wednesday, City Club, dinner 6:30 p. m., meeting 

5S p. m. 

Hartford—Thursday nearest 10th of month, Jewell Hall, Y. M. C. A., 
15 p. m. 
New York—Third Wednesday, Merchants Association of New York, 

Voolworth Building. 

Pittsburgh—lirst Tuesday, Chatham Hotel, dinner 6:30 p. m., 

meeting 8 p. m. 

Rockford—Second Monday, Nelson Hotel. 

Schenectadv—Third Tuesdav, Civil Engineering Bldg., Union College 
Tri City—First Thursday following first Monday. 
Washington—Second Iriday. 


ROCKFORD CHAPTER 


HE B-C-A News published monthly by and for the employes of Barbet 
Colman Co. has a very interesting account of the activities of the Rock 
ford Chapter in the February number. It is as follows: 

“Heat treating as an art has been practiced for several thousand years ; 
its importance in industrial operation is of more recent date and seems 
to be closely connected with the development of the automobile. Whatever 
the causes of its prominence are or may be, one fact stands out pre-eminent : 
the seriousness with which the subject is deliberated upon in literature in so- 
cieties connected with the art and not the least in industry itself. 

“The progress of heat treatment is nothing short of astonishing. Once 
it was an obscure not to say dark art, guarded with great secrecy and passed 
on only by word of mouth. Today sciente is its staunchest ally and the prac 
tice of heat treating is regulated by organized facts to a point of precision. 

“As is the case of any progressive art, not all artisans are able to keep 
step with the rapid development. Realizing this fact it occurred to a group 
of men who were actively engaged or connected with the art, that they should 
unite and with combined efforts venture into an educational campaign for 
the betterment of the art and its practice. 

“These first, although not exactly feeble, attempts ‘proved to be steps in 
the right direction and developed later on in what is known today as “The 
\merican Society for Steel Treating,’ an organization comprising over 3000 
individual members and over 30 chapters located in all parts of the United 
States, with headquarters in Cleveland, Ohio. 

“One of the youngest chapters in the national organization was founded 
recently in Rockford and is known as the Rockford Chapter of the Ameri 
can Society of Steel Treating. O. T. Muehlemeyer is chairman, O, H 
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“These with the board of directors, Charles Cotta, A. H. Hemerin; 
R. Crain and John F. Frederick are the officers. P 
“The first regular meeting was held in December at the Nelson 
with an attendance of about 100 representing almost the entire steel . 
industries of the city of Rockford. W. H. Eisenman, National Secre 
was the speaker of the occasion. His subject ‘Heat Treating, its | 
Present and Future, very aptly delivered, held the audience from sta: 


finish and caused many to apply for membership. Previous to the me . ’ 

Mr. Eisenman visited our plant. 2 
rr . rh \\ 
“The second or January meeting was featured by O. T. Muehleny 


paper on ‘Hardening Practice,’ which was very friendly received. In 
course of this paper it was pointed out that the public accepts automoh 
airplanes, sewing machines, cash registers and thousands of other commod 
as accomplished facts without thinking much, if any, about the important 

heat treating plays in their manufacture. Later on, equipment and opera 
of a heat treating plant was described more in detail. That this paper 

nontechnical made it all the more interesting and, hopefully, serves as an 
stance for further efforts. 

“The third meeting will be held this month—on the thirteenth of Febru 
to be exact—and will be, as we are confidentially informed, of more 
passing interest. Two speakers, one of them F. P. Gilligan, President of 
National Society, have kindly consented to make their appearance be! 
the Rockford public and judging by past experiences a large audienc 
to be expected. The active membership of the local chapter has so 
reached 50 with one sustaining member, the Barber-Colman Co. 

“The society has lately published a small pamphlet, ‘A Successful 
ciety for Successful Men,’ from which are copied the following paragrap 

“The purposes of the American Society for Steel Treating are: 1. 
promote the arts and sciences connected with the heat treatment of st 
and the study of subjects relating to manufacture, properties and the 
of iron and steel. 

“2. To hold meetings in the chapters of the Society—at present the: 
are 32—for the reading and discussion of papers bearing upon processes, i 
struments, equipment, apparatus, etc., employed in practical and resear 
work connected with the art. 

“3. To collect, publish and disseminate technical and practical knowle«; 
for the improvement of conditions in connection with heat treatment of stec! 

“4. To closely unite those engaged in the executive, technical and pra 
tical branches of the same. 

“5. To collect worth-while ideas and improved methods for its membe: 

“A worthy object, worthy of the best efforts of all interested in ste 
and its uses, may the Rockford Chapter live and blossom into fulfillment 
these high ideals.” 


> 


LOTTE LITO R OE eS 


SOUTH BEND CHAPTER 


The South Bend Chapter held its February meeting on Tuesday, Feb. | 
at the Y. M. C. A. A dinner meeting was held honoring F. P. Gilligan, N: 
tional President. 

The first speaker was Pat Dwyer, engineering editor of The Found) 
Mr. Dwyer spoke for one hour and kept the house in an uproar by rap! 
fire yarns, intermingled with real foundry dope. 

The next speaker was Mr. Gilligan whose subject was “What Happe 
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) Steel When it is Quenched.” It would be difhcult to really express the 
ppreciation of Mr. Gilligan’s lecture. It was far above anything the 
hapter has yet heard and it was brought home to the shopmen who are 
till talking about it. 


LEHIGH VALLEY CHAPTER 





The Lehigh Valley Chapter held the fourch of its series of meetings on 

[he Manufacture, Treating, and Testing of Steel” in the Battery building 
f the Bethlehem Steel Co., Bethlehem, Pa., on Feb. 13. This meeting featured 
wo subjects: “Castings” and “Forgings.” 

H. G. Walton of the Bethlehem Steel Co. gave the talk on castings, 
lescribing foundry practice from the making of the patterns to the cleaning 
ind inspecting of the finished castings. Mr. Walton discussed the character 
stics of various alloy steel castings, the different methods of melting for 
pouring, etc., the heat treating of castings and gave a list of many types of 
castings and their uses. 

F. P. Martin, superintendent of the forge and heat treating departments 
of the Ingersoll-Rand Co., and a member of the executive committee of the 
Chapter gave the talk on forging. Mr. Martin's talk dealt with modern 
forge shop practice in general. Particularly interesting was the description 
of the forging of drills or drill steels used for rock drilling. 

Both talks were very well presented and it was apparent that both speak 
ers were thoroughly at home with their subjects. Much interest was shown, 
as usual, in the exhibit, maintained by the Bethlehem Steel Co. at the Battery 
building and this alone was considered worth the effort in attending the 
ineeting, 


TRI-CITY CHAPTER 


The regular January meeting of the Tri-City Chapter was held on Jan. 26 at 
the Davenport Chamber of Commerce. F. P. Gilligan, National President of 
the Society, gave a very interesting talk on the subject “Quality First,” in use 
and the hardening of tool steel. Mr. Gilligan made his ‘talk very plain, first 
explaining the subject in metallurgical terms and then in plain English so 
everybody could understand it. After Mr. Gilligan’s talk there was prac- 
tically no discussion because he had explained everything so thoroughly that 
there was nothing to discuss. His talk was illustrated with slides. 

Motion pictures of the manufacture of steel for sheets and plates, from 
the Bureau of Mines, Pittsburgh, Pa., were next shown. These pictures were 
of great interest to all of the members present. 

The February meeting of the Tri-City Chapter was held at the Davenport 
Chamber of Commerce on Feb. 17 when John F. Keller, professor of metal 


ic? SOBRE: ee CPR re Ome Sone 













re lurgy, Lewis Institute, Chicago, presented a paper on “Steel, its Selection and 
Treatment.” This interesting illustrated lecture also included the demonstra- 
tion of the spark method of selecting iron and steel on a live emery wheel. 
The meeting was considered one of exceptional value and created a large 

! amount of discussion. 

Ni 


DETROIT CHAPTER 


The first meeting of the Detroit Chapter was held in the Board of 
Commerce rooms on Feb. 13. A round table discussion on ring gears was 
the principal topic of the evening and created extensive comment and dis- 
cussion. The questions sent out from the National Office for the “Question 
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” . 7 . . . 
Box” were also presented and discussed. Some interesting discussion resu! 

[he second meeting of the month was held on Feb. 27 at the 
place. F. H. Helrigel of the Motor Products Co. presented a paper 
‘Working Sheet Steel.” Mr. Helrigel has made a very extensive stud\ 
this phase of the subject and had a very interesting paper. 

W. P. Woodside, Executive Chairman of the Convention Commi 
has made announcement of the assignments of the committee to hand 
details of the Convention. These committees appear on another page of 
issue Of “TRANSACTIONS. 


NORTH WEST CHAPTER 
The fourth lecture in the educational course on the elements of 
allurgy and heat treatment being conducted by the North West Chapter 
given on Monday evening, Jan. 30 in the rooms of the Manufacturer’s | 
Chester S. Moody, Minneapolis Steel & Machinery Co. discussed “ 
Iron” and L. H. Berry, Western Crucible Steel Castings Co., discussed “( 
Steel.” Briefs of these lectures, summarizing the issues presented by 
speakers, were ready for distribution that evening. | 


PHILADELPHIA CHAPTER 
The February (Big) meeting was held on Friday evening, Feb. 24 
the Engineers’ Club. The speakers were National President F. P. Gilliga 
Dr. John A. Mathews, president Crucible Steel Co. of America, Pittsburg 
and Richard Spillane, Philadelphia Public Ledger. The complete write-w 
of this meeting will be published in the April issue of TRANSACTIONS. 


BRIDGEPORT CHAPTER 

The Bridgeport Chapter held a very fine meeting at the Chamber of Cor 
merce on Tuesday, Jan. 31. The first speaker of the evening was C. | 
Blackman, foreman, of the heat treating department of the Colt’s Patent Fi 
arms Mfg. Co. A. H. d’Arcambal, metallurgist, Pratt & Whitney Co., Ha 
ford, Conn., also presented a paper. 

About’65 members and guests were in attendance and practically all 
them participated in the-discussion which followed the presentation of 
excellent papers. 


RSP RER Sh EE ARE Tae 
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SYRACUSE CHAPTER 


S. D. Marshall of the Endicott Forge Co. addressed the Syracuse chapt: 
at its February meeting at Yates Hotel on the subject of “Drop Forgings 
Mr. Marshall’s wide experience in this line as well as his ability to prese 
his subject in an interesting manner made the meeting a very successful on: 
A buffet luncheon was served at the close. 


RHODE ISLAND CHAPTER 

The February meeting of the Rhode Island Chapter was held in tl 
rooms of the Providence Engineering Society on Feb. 12. The speaker 
the evening was R. H. Schaffer, superintendent of the Textile Finishing M 
chine Co., Providence, R. I. He chose as his: subject “Practical Hardent 
Room Practice.”” Mr. Schaffer was the first representative of a Providenc 
firm to address the chapter and the excellent manner in which he present 
his subject and the amount of discussion created was highly pleasing. 


CHARLESTON CHAPTER 


Fifty-five members of the Charleston Chapter assembled at thie Kanaw! 
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on Feb. 7 and heard a very interesting paper by A. F. Mitchell on 


at Treatment of Carbon Steel.”” A lively discussion took place on Mr 
hell's paper as well as a discussion on the manufacture of tool steel. 


CHICAGO CHAPTER 


The Chicago Chapter held its regular meeting on Feb. 9 when they en 
ined the National President, F. P. Gilligan, who gave an illustrated talk 
“Steel and Its Properties.” The lecture was presented in a most practical 
ner and was very pleasing to the 200 members and guests in attendance. 

lhe next meeting will be held on March 9 and will be devoted to the 
ussion of practical questions. Prof. John F. Keller, consulting metal 
rist and professor of metallurgy at the Lewis Institute, Chicago, will open 
discussion with some original ideas on “Why Steel Warps.” 


ST. LOUIS CHAPTER 


The February dinner and meeting of the chapter was held at Hotel 
ridge on Friday, Feb. 10. The speaker of the evening was \V. R. Chapin, 
ector of the testing department of E. C. Atkins & Co., Indianapolis, upon 

subject “Properties of Some Steels in the Hardening Range.” Mr. 
ipin’s excellent presentation of the subject was most thoroughly enjoyed 
all present. The paper is published elsewhere in this issue of TRANS 
rIONS. 


BOSTON CHAPTER 


the Boston Chapter enjoyed one of the best meetings it has had for 
e time at the Boston City club on Feb. 10. The paper of the evening 
is presented by Z. L. Sault, treasurer of the New England Annealing & 
1 Co. on the subject of “Heat Treating Experiences.” Mr. Sault spoke 
very interesting manner upon the experiences he had encountered and 
ve those present the benefit of his extensive knowledge and dealing with all 
nds of steel. 


BUFFALO CHAPTER 


The Buffalo Chapter had its regular meeting in the rooms of the Buffalo 
Engineering society, Iroquois Hotel on Wednesday, Feb. 15. The National 
President, F. P. Gilligan presented a paper which proved to be especially in 
eresting, and the amount of discussion brought forth was decidedly satis 

ctory. 


WASHINGTON CHAPTER 


The February meeting was held in the auditorium of the New Interior 
Department building on Feb. 17. Francis B. Foley, metallurgist, Bureau of 
Mines, Minneapolis Station, Minneapolis, Minn., was the speaker of the 

ening and spoke on “The Annealing and Hardening of Steel.” Mr. Foley 

overed the fudamental relations that must be considered in the annealing 

nd hardening of steel. This involved the means of practical application of 
e theories of heat treatment and was illustrated by some of the speaker's 
vn investigations into the effect of methods of heat treatment as applied 
various materials. 


CINCINNATI CHAPTER 


The Cincinnati Chapter held a splendid meeting at the Ohio Mechanics 
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Institute on Feb. 14. Prof. H. F. Moore of the University of Illinois, : 
bana, Ill., presented his paper on “The Fatigue, or Progressive Failure }; ; 
Metals.’ Approximately 125 were in attendance, the members of the | 
section of the American Society of Mechanical Engineers being present 
invitation. 


WORCESTER CHAPTER 


The January meeting of the Worcester chapter was held at the Natio 
Metals Trades association on Jan. 31. J. C. Spence superintendent of | 
machine division of the Norton Co. was the speaker of the evening and cli sup 
as his subject “Grinding of Steel.” Mr. Spence discussed the difficult 
encountered in grinding steel; proper methods of procedure; precautio: sho 
various grades of finish; grinding cracks, and their cause and avoidance. plat 

The Worcester Chapter held its regular meeting on Feb. 14 in 1! 
Y. M. C. A. building. The first speaker of-the evening was Z. L. Sau a 
treasurer of the New England Annealing & Tool Co. of Boston, Mass., a lace 
also the secretary of the Boston Chapter. Mr. Sault took as his subject |) 
Kxperience of 30 Years in the Heat Treatment of Steel,’ which included : 
methods for annealing, hardening and heat treating carbon tool steel, hi: 
speed steel and low carbon steel for pack hardening. Mr. Sault’s talk \ 

a very practical one and met with most general approval of all present. 

The second speaker of the evening was F. J. Evans of the Surfac 
Combustion Co. on the subject of “Heat Application.” Mr. Evans pointed ov 
that one of the most essential factors, if not the most essential factor, in tl 
heat treatment of steel is the furnace, or the means of heat application. ‘To ¥ 
often the furnace has been looked upon as merely an enclosure of fire-bric 
with a fuel—any fuel—applied at some poiit. He pointed out that accurat \ 
heat treatment was absolutely dependent upon correct heat application whi 
means a furnace designed and equipped along engineering principles. 


SPRINGFIELD CHAPTER 


On Feb. 4 the members of the Springfield Chapter and its friends visite 
the Springfield Armory plants where the famous Springfield army rifle i: C 
made. Mr. Woods, metallurgist at the armory was in charge of the visit 
tion and certainly made the trip a real treat. 

The regular February meeting of the Chapter was held at the Chambe: | 
of Commerce rooms on Friday evening, Feb. 17. J. C. Spence, works man 
ager of the Norton Co., Worcester, Mass., gave a very interesting and 
structive talk on “The Grinding of Tools and Other Heat Treated Materials.” 
Mr. Spence told briefly of the history of grinding and then of some of the 
troubles encountered in daily practice giving the reasons and cures for them 
He also showed a number of lantern slides of various grinding machine: 
both regular and special. 

At the close of the talk an informal discussion was held around a larg: 
table on which Mr. Spence showed a large number of interesting samples 
About 50 members and friends were present, which was encouraging inas- 
much as the meeting was held on the coldest day of the year 


CLEVELAND CHAPTER 


The Cleveland Chapter held its regular meeting at the Cleveland En- 
gineering Society’s. rooms, Hotel Winton, Friday evening, Feb. 24. The 
paper of the evening was presented by Francis B. Foley, of the Bureau of 
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ies, North Central Experiment Station, Minneapolis, Minn., on the sub- 
- of “Industrial Pyrometry.” Mr. Foley has done extensive research work 
oyrometry and his talk was full of practical suggestions and interesting 
ails. 

The March meeting will be held on March 31, on the same date as the 
eting of the nominating committee. The members of the committee have 
sented to present short talks before the chapter. D. W. McDowell, 
‘f inspector of Jones & Laughlin Steel Co., and secretary of the Pitts 
eh Chapter will speak on the “Testing of Steel Plates.” W. J. Priestley, 
erintendent of the United States Naval Ordnance Plant, Charleston, W. 
_and chairman of the Charleston Chapter will present an illustrated talk 
owing Slides of the plant and various methods of manufacture of armor 
te. Chester S. Moody, metallurgist of the Minneapolis Steel & Machinery 
and the first chairman of the Northwest Chapter will present a paper on 
“Tractor Gear Problem.” H. C. Goodwill, superintendent of dies, R. Wal 
e & Sons Mfg. Co., Wallingford, Conn., and chairman of the New 
aven Chapter will speak on the subject of “Hardening of Dies.” Carl 


Schumann, mechanical engineer, Miehle Printing Press & Mfg. Co., Chicago, 


d former secretary of the Chicago Chapter will speak on the “Relationship 
the Mechanical Engineer to the Laboratory.” 


TORONTO CHAPTER 


The Toronto Chapter of the society held its February meeting on Feb. 


lo in the Mining Building of the University of Toronto. F. P. Gilligan, pres- 


dent of the Society presented an illustrated lecture on steel that met with 


quite hearty approval by the large number in attendance. W. H. Eisenman, 


\ 


\ational Secretary, was also present and gave an outline of the progress the 
ociety has made during the past year. 


SCHENECTADY CHAPTER 


The regular meeting of the Schenectady chapter was held on Tuesday 
ening Feb. 28 in the metallurgical laboratory of the American, Locomotive 
o. J. V. Emmons, National Treasurer of the American Society for Steel 
lreating, and metallurgist of the Cleveland Twist Drill Co., Cleveland, pre 


sented an illustrated lecture on “Effect of Structure Upon Machining of 


ool Steel.” Mr. Emmons’ entertaining lecture was very highly appreciated 
nd enjoyed. 
As a special added feature explanations and demonstrations as to how 


steel is tested were given. The entire equipment of the metallurgical labora- 
tory was operated for the benefit of members and friends of the society. 


[here was a demonstration of how steel is analyzed, how the physical 
ieasurements are obtained, the effect of etching and how microphotographs 
re taken. Altogether the evening was a cectded success. 


HARTFORD CHAPTER 


At the January meeting of the local chapter, held on Jan. 5 in Hartford, 

‘1. J. French of the Bureau of Standards, Washington, described the pur- 

oses of the bureau and some of the problems which the bureau has worked 

ut. Investigations of the strength of steels at temperatures higher than at- 

mospheric, and the heat treatment of molybdenum steels were described at 

me length, and slides and motion pictures illustrating the equipment and 
me of the activities of the heat treatment section were shown. 
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Dr. R. W. Woodward, formerly of the Bureau of Standards, but : 
metallurgist with the Whitney Mfg. Co., told of a somewhat uncom: 
effect he had observed in the heat treatment of chain links recently. 
single lot of links which came through the regular heat treatment showe. 
blistered surface, as though badly scaled. Examination proved that on! 
very slight superficial scale was present, however. Evidence obtained b; 
thorough investigation indicated that the atmospheric conditions in the f 
nace that produced the blistered links were at fault, in that the flame 
not sufficiently reducing in character. 

At this meeting sets of samples were given out to various membe: 
and visitors to be heat treated to get certain properties. These heat treate 
samples will be returned to the Stunt Night Committee at the February meet 
ing. Tensile tests, etc., which cannot be conducted easily at a regular meet 
ing, will be made on the specimens during the following month, and the re 
sults will be ready for publication at the Contest meeting in March. At this 
meeting it is proposed to test all the specimens by means of the scleroscope, 
Brinell test, and Rockwell test. The committee has promised to have a good 
supply of inspection files present, and the various ideas of “file hardness” of 
the different members will be compared. It is also hoped to have one of the 
new Stacks spark testers in operation. This meeting will not only serve 
as a competition between rival heat treaters, but will also serve to show the 
man at the fire how his product is being checked up in his own inspection 
department and by the consumer. 


In order to lighten the serious aspect of this meeting, certain of the samples 
distributed bear no identifying marks, so that the person by whom they are 
received has no idea of the composition of the steel. The results obtained 
on these dark horses should provide a lot of fun. A box of cigars is offered 
as a prize to the competitor who receives the greatest number of points for 
his work. 

The regular February meeting of the Hartford Chapter was held on Feb. 
9, in Jewell Hall of the Hartford Y. M. C. A. The attendance at the meet- 
ing was about 120, of whom about 50 were members, the remainder guests. 
The speaker of the evening was A. H. d’Arcambal, of the Pratt & Whitney 
Co., Hartford, and his subject was “High Speed Steel.” Mr. d’Arcmabal 
has spoken on the same subject at national conventions and before various 
chapters of the Society, and his talk on this occasion was an abstract of the 
material which he has presented heretofore in his various talks, with additional 
data developed in recent tests. Specimens of tools showing proper and im- 
proper treatment were exhibited, and the reasons for failure or success of 
each treatment were discussed. Specimens of the two common types of high 
speed steel, that is, 14 and 18 per cent tungsten steels, were shown with frac- 
tures after treatment and soaking at various temperatures. 


From Mr. d’Arcambal’s tests it appeared that the grain of the 14 per 
cent tungsten type coarsened more rapidly than the 18 per cent under the 
various treatments, in other words, it is a more sensitive steel, and must 
be handled more carefully. Cutting tests, however, showed that the lower 
tungsten steels stood up in service somewhat better than those containing 18 
per cent tungsten. One interesting chart showed the Brinell, scleroscope, and 
file hardness of high speed steel quenched from various temperatures plotted 
simultaneously with the same properties for the same steel quenched at the 
same temperatures, but drawn back at 1100 degrees Fahr. It was observed 
that for quenching temperatures below 2300 degrees Fahr., the specimens 
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rawn at 1100 degrees were softer than the quenched and undrawn speci- 
‘ens. At 2300 degrees Fahr. and higher, the specimens retained their origi- 
al hardness. This appears to vindicate the proponents of the higher quench- 
ng temperatures, that is, 2300 degrees Fahr. and higher, also the exponents 
§ the high draw. Considerable discussion of the paper ensued, in which the 
lesirability of carbon content in excess of 0.65 per cent was emphasized. 
After Mr. d’Arcambal’s paper, 


specimens heat treated by various mem- 
bers were collected to. be surface 


ground and otherwise prepared for testing 


at the March meeting. This meeting will be a Heat Treatment Contest, and 


specimens prepared by the committee and heat treated by different members 


and guests will be tested by the various modern methods of inspection applied 


to heat treated products. It is anticipated that the tests will cause a great 
deal of fun, and it is probable that there will be some difficulty in awarding 
the prize. The contest committee, however, wish to have it known that they 
“are boss,’ and what they say, goes. 


Mr. Curran described some recent work of W. R. Chapin, on the 
“Properties of Steel in the Hardening Range,” or the range between Ac, 
and Ar, which has been lowered by quenching from above Ac,. Test pieces 
were exhibited, which had been quenched from above the critical range but 
removed. from the quenching bath in the range 800 to 1200 degrees Fahr. 
While at this temperature, the Rockwell hardness and file hardness were 
relatively low, and the specimens could be bent easily and otherwise deformed. 
When subsequently quenched into oil at about 300 degrees Fahr., however, 


the specimens were file hard, and showed a Rockwell hardness characteristic 
for the steel quenched cold in the usual way. 


The list of meetings for the remainder of the season is as follows: 
March 10:—Heat Treatment Contest. Everyone is invited to compete for the prize. 
April 13:—“The Characteristics of Tool and Alloy Steels,” by Dr. John A. Mat- 
thews, Fresident Crucible Steel Co., Pittsburgh. 

\pril 29:—9:00 a. m., Inspection of New Departure Co. Plant Britol, Conn., Cour- 
tesy of the New Departure Co. All New England Chapters of American 
Society for Steel Treating and American Society of Mechanical Engi- 
neers are invited. 

May 11:—“The Inspection and Heat Treatment of Steel,” by J. J. Curran, 
ry Souther Engineering Co., Hartford, Conn. 

June 8:—Annual Banquet. Speakers to be announced later. 


In additioon to the subjects announced above, some time will ibe devoted each 
evening to: 


The Hen- 


Question Box;” 2. Short reviews from current literature on steel treating 
and equipment; and 3. Some unique heat treatment effects observed by members. 


NEW YORK CHAPTER 


At the regular January meeting of the New York Chapter held in the 
[ngineering Society's building on Wednesday evening, Jan. 18, some 80 
members and guests assembled to hear a very excellent paper by A. W. F. 
Green, metallurgist, John Illingsworth Steel Co., Philadelphia. Mr. Green 
presented an illustrated lecture on “Annealing.” He took particular care to 
impress upon his hearers the difference between “full annealing” and “partial 
annealing,” the first accomplished at temperatures above the critical, and the 
second at temperatures just below the critical. He presented a number of 
lantern slides showing how the theory of the process was borne out by ‘ob- 
servation of the finished pieces, after undergoing treatment of both kinds. An 
animated discussion followed. 


In a brief period devoted to current events in metallurgy mention was 





| 
' 








TRANSACTIONS. OF 


548 AMERICAN SOCIETY FOR STEEL TREATING M 


made of the completed work on the fatigue of metal, and the discovery 
rapid method for determining the endurance limit; work which has been ¢: 
on at the University of Illinois under the direction of Prof. H. F. Moore. 

The regular February monthly meeting of the Chapter was held 
Wednesday, Feb. 15, in the assembly room of the Merchants Association 
New York. The room has been very generously tendered to the section 
its regular use, and is conveniently situated in the Woolworth building. 
cated‘as it is at the focus of the rapid transit systems of the Metropoli 
District, this meeting place seems to solve the question “Where can we nx 
where it will be convenient to our widely scattered mmbers ?” 


S. P. Rockwell prepared a paper on carbonizing practice, but unfortu 


nately was unable to attend owing to sudden and serious illness in his famil 


Captain Walter C. Graham read his paper, and made it doubly interestin; 
by a critical commentary on the subject, prompted by his own very thoroug! 


knowledge. About sixty members were in attendance. 
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Commercial Items of Interest 


* 


HE American Engineering Standards Committee has just completed ar 
rangements by which co-operation with the standardizing bodies in 
her countries will be made more effective. In doing this, it has fol- 
lowed out the recommendations of the unofficial conference of the sec- 


aries of the national standardizing bodies held in London in April, 
11 Q?]. 


Lit 


tins In order that all standards shall be available to the industries of the 
ug! irious countries, it is plamned that each national body will sell the 
pproved standards of the other bodies. The American Enginéering 


tandards Committee, 29 West Thirty-ninth street, New York, has avail- 
le the publications of the standardizing bodies in Austria, Belgium, 
Canada, France, Germany, Great Britain, Holland, Sweden and Switzer 
nd. 
Hereafter the American Engineering Standards Committee will ex- 
hange regularly information with the foreign bodies as to the status of 
rk on the various projects being undertaken under its auspices. This 
formation will be limited ‘to the indication of the stage of development 
the projects, it being left in each case to the various sectional com- 
mittees and sponsor bodies to decide to what extent they desire to ex- 
hange technical memoranda or drafts of standards. This exchange 
information on the general progress of the work will lay the 
usis for closer international co-operation as the need for this develops 
special instances. 


Installation of 67 double frame drop hammers at the Highland Park 
ant of the Ford Motor Co., Detroit, now being effected, is the first im- 
portant step by the Ford organization in its plan to do practically all of 
its own drop forging work under its own roof. At the present time, 
practically all of this work, which is enormous, is let out to numerous 
ompanies. These 67 hammers will bring the total hammer equipment 
{ the Ford company to 100. The new hammers range from 800 to 5000 
pounds and are being placed in operation immedi: ttely upon being set up. 
lt is expected it will be several months before all are in operation. 


Detroit has been selected as the meeting place of the National Safety 
Congress to be held Aug. 28 to Sept. 2, inclusive, under the auspices of 
the National Safety Council, Chicago. A local committee to handle the 
preliminary details relative to the meeting has been named with S. C. 
Viumford, president of the Detroit Safety Council, as chairman. 


Announcement is made of a new edition of Hendricks Commercial 
vegister of the United States, a 2324-page listing of business organiza- 
tions published by the S. E. Hendricks Co., Inc. By way of review The 
lron Trade Review says: 

“The 1922 edition of this book differs from those of previous years 
n that the size has been changed in the interest of readability. The new 
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la 
type size is 7 x 10 inches and more space has been allowed between |; fer 
and columns. In spite of the fact that the enlarged page accommod ts 
25 per cent more subject matter, the number of pages has not been rial 
creased proportionately. ite! 
“As in former editions, the book covers a wide range of industries t 
and lists the manufacturers of equipment under many headings, including ndex 
electrical, engineering, machinery, building, manufacturing, chemi 
hardware, iron and steel, railroads, mining, quarrying, architectural, | 
Dealers, manufacturers, producers, and consumers are registered. t vay 
least 100,000 names of individuals and companies are classified by trades yecal 
or products, and are indexed and cross indexed. A separate section fi niitte 
nishes references to distinctive products, listed by trade names or special tio 
brands. In another section the names of manufacturers are arranged nit 
alphe ibetically and their addresses and principal products are given. rdiz 
“Primarily the book is intended to be a guide for buyers and sellers rga 
and to this end the descriptive information of products and services js ng 
expected to assist in locating the sources of and outlets for finished 
materials.” | the 
———_—____—_—— / each 
ate 


Wilson-Maeulen Co., 383 Concord avenue, New York, announces 
; , ; ao ase . the 
Carl IX. Flellenberg, with headquarters at 231 California avenue, Detroit, | sel 


has been appointed the company’s representative for Michigan and north — 
western Ohio. Mr. Hellenberg has had much practical experience in b pies 
hardness testing and pyrometry and he will take care of the company vm 
interests regarding both its direct reading hardness testers and pyromete: tatn 
Effective March 1, the St. Louis office of the Chicago Flexible Shaft mar 
Co., Chicago, manufacturers of flexible shaft machinery, and gas and oil F. / 
furnaces, will be resumed. J. J. Wittenburg, who has been in the Chi 
cago office of the company for three years, will be in charge. As prey 
iously, the St. Louis office will be located in the Railway Exchang¢ the 
building. ing 
— ae on the 
Joseph H. Roberts, superintendent of the bar steel and special prod ss 
ucts department, Nicetown works of the Midvale Steel & Ordnance Co., 
has resigned to accept the position of assistant to L. J. Campbell, presi — 
dent of the Electric Alloy Steel Co., Youngstown, O. 
ME1 
The American Society for Testing Materials, 1315 Spruce street, sear 
Philadelphia, has recently published its proceedings of the twenty-fourth work 
annual meeting held at Asbury Park, N. J., June 21-24, 1921. It con- roo 
tains 1198 pages, 6 x 9 inches, and is bound in cloth. By way of review, 
The Iron Trade Review says: tion, 
“This volume of Proceedings contains committee reports, new an at 
revised tentative standards, and technical papers presented at the last CHI 
annual meeting of the American Society for Testing Materials. The ate 
meeting is bri afly summarized in the first part of the book and the prest- Best 
dent’s annual address and the report of the executive committee are given ve 
in full. The next section is devoted to reports of committees including grad 
those on ferrous metals; nonferrous metals; cement, lime, gypsum and me 


clay products; and miscellaneous materials. Tentative standards submit 
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| at the 1921 annual meeting are published, including those pertaining 
ferrous metals; nonferrous metals; cement, lime, gypsum and clay prod- 
ts; preservative coatings; petroleum products and lubricants; road ma- 
rials; coal and coke; insulating materials, shipping containers; textile 
iterials; and miscellaneous subjects. Twenty-four technical papers, a 
t of society ofhfcers and members of the executive committee and an 
lex complete the book. 

Beginning with 1922, the engineering division of the American Rail 
iy Association and the Association of American Steel Manufacturers 
ecame member bodies of the American Engineering Standards Com 
ittee. The Association of American Steel Manufacturers is an organi 
tion of 40 iron and steel manufacturing companies. Its activities are 
mited to the standardization of rolling mill practices, and to the stand- 
rdization and inspection of iron and steel products. The association was 
rganized in 1895. Its official representative on the American Engineer- 
ng Standards Committee has not vet been designated. 

The American Railway Association, which speaks for practically all 
ie steam railways of the country, has four great technical branches, 

each having its own secretary. The engineering division, which is inti- 
mately connected with the American Railway Engineering Association, 
the two organizations having the same officers, covers broadly the civil 
engineering activities of the railways. These two new member bodies 
bring the total number of national organizations represented upon the 
American Engineering Standards Committee up to 28, and of represen- 
tatives to 52. 

Eastern representatives of the Thomas Buchanan Co., Cincinnati, 
manufacturer of a case hardening compound, has been placed with the 
F. A. Calhoun Co., Lincoln Trust building, Jersey City, N. J. 

Within a few days the President is expected to affix his signature to 
the Lampert bill and afford that relief for the patent office which engineer- 
ing societies have been seeking for months. As passed by the senate, 
the Lampert bill provides 48 additional employes for the office and in- 
reases salaries, the theory being that an enlarged and more efficient 

(Continued on Page 35) 


ADDITIONAL EMPLOYMENT SERVICE ITEMS 
POSITIONS WANTED 


METALLURGIST—Eight years experience in re- 





salary ($3000.00) Ordnance man, Navy Department 
Will consider ($2000.00) as a start if there are good 
prospects. Address 3-10 


vice work; High speed, tool steel and cast cutter POREFMAN HEAT TREATMENT—I16 Years ex 
rk. Address 3-30 sf 


perience on armor plate gun forgings and all kinds of 
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TOOI, HARDENER OR FOREMAN—10 yearsearnest [C2V¥ forgings and castings; carburizing, tesco te ation 


fort in tool forging and tool hardening with extensive 
h speed steel experience. Can offer efficient opera- 
n or supervision. Exceptionally successful in 
minating scrap—Excellent references, Location im- 
iterial. wages desired $50.00 per week. Address 3-40 


CHEMIST OR HEAT TREATER—Technical grad- 
ite Experience in chemical and physical testing, 
it treating of steels, platinum metals and rare earths. 

Best of references. Reasonable salary. Address 3-15. 

STEEL EXPERT—Heat treatment, metallurgy. A 
raduate in chemistry and iron and steel manufacture. 

1x years labo-atory experience. Desire position 

n production department. Can make good. Present 


, 


ing and experimental work including design operation 
and erection of all types of heat treating furnaces. 


Age 32. Married. Address 3-5. 


CHEMIST-METALLURGIST—Experienced in mak 
ing steel casting, all processes. Am a practical foundry 
man, steel blower, and chill roll maker. Have been 
Supt. of large foundry. Best of References Age 40 
Married. Address 3-2. 


POSITIONS OPEN 
STEEL SALESMAN—To cover Northern Ohio. Must 


have had sellingexrerience and thoroughly familiar with 
hieh speed and carbon tool steels. An exce'lent open 
ing for someone whocan produce results. Address 3-10. 
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issues of the Transactions. 


accompany copy. 


POSITIONS WANTED 


CHEMIST OF ASSISTANT TO CHIEF METAL 
LURGIST: ‘Technically trained. Practically experi- 
enced in chemical and physical analysis, pyrometry, 
general heat treating, foundry control, shop work and 
methods. Able to investigate trouble and handle same. 
Michigan or adjacent territory preferred. Answer 3-20, 


SUPERVISOR HEAT TREATING, Chemical, Met- 
allurgical Metallographical Laboratory large Motor 
Truck Company. 12 years experience. Formerly with 
U. S. Steel Corporation, U. S. Government Engineer 
of Tests & Metallurgist, also foundry experience in 
malleable, gray iron, steel, semi-steel. Age 35. Amer- 
ican. Married. Eastern location preferred. Wages 


desired $200.00 per month. Answer 3-25. 


FOREMAN OR ASSISTANT FOREMAN. Two 
fears as hardener and two years as foreman of heat 
treating department, where employed at the present 
time. Has also had course in Metallography. Eastern 
location preferred. 1—ll 


HEAT TREATING FOREMAN. A man with six 
years experience in the hardening of tools, dies, etc., 
desires a position where he can use his knowledge to the 
best degree. Has worked in some of the largest plants 
in the country and can furnish the best of references. 


Address 1-5. 


METALLURGICAL ENGINEER. Extensive ex- 
perience with large firms and steel mills. Has served 
as metallurgist in large production steel mill, Age 27, 
Married. No preferences as to location. Willing to 
consider any position in the metallurgical department, 
annealing or heat treating departments providing there 
is an opportunity for advancement. Address 1-10. 


METALLURGIST—With twelve years experience 
with automobile, locomotive, munitions and alloy steel 
manufacturers. Familiar with the manufacture, heat 
treatment and properties of all general iron and steel 
specifications, Open Hearth, Electric Furnace and 
Cupola practice. Age 30, married. Address 1-15. 


FOREMAN OR INSTRUCTOR—Nine years instruc- 
tor forge work, College Cornell University; four years 
foreman toolsmith and steel treater of large ship-build- 
ing corporation. Thoroughly experienced in all classes 
of steel. Wages reasonable. Location preferred, Ohio, 
Massachusetts, New York, Pennsylvania, and Con- 
necticut. 2-5 
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EMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. If you wish 
a position, your want ad will be printed at a charge of 50c each insertion in two 


This service is also for employers, whether you are members of the Society or 
not. If you will notify this department of the position you have open, your ad 
will be published at 50c per insertion in two issues of the Transactions. Fee must 


Important Notice. 

In addressing answers to advertisements on these pages, a stamped envelope 
containing your letter should be sent to AMERICAN SOCIETY FOR STEF] 
TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
destination, It is necessary that letters should contain stamps for forwarding. 


SS... LL 


METALLURGIST- Chemist or Superintende 
Heat lreatment. Technical graduate. Exten: 
perience with some of the largest companies 
country, also steel mill experience. Heat trea 
tool hardening, annealing, pyrometry, chemical a 
physical testing, metallography, magnet testi: 
testing, investigation of trouble and research \ 


— salary desired. Eastern location p: 
2-15. 


METALLURGIST—College graduate, at 
metallurgist with prominent automotive concer: 
years experience in general heat-treating, case ha: 
pyrometry, microscopic examination and « 
analysis. 2-10. 


ASSISTAN T—METALLURGIST—Technica! 
uate. Specialized on Pyrometer maintenance 
installation. Five years experience in heat tr: 
department and laboratory of several large aut 
parts manufacturing companies.  Experienc: 
handling of men. (Write for detailed experience 
tion preferred Cleveland. Salary desired $1 
Address 2-25 


FOREMAN: 30 years practical experience in 

treating, forging tool holeniae carbonizing. 5 3 
as foreman of heat treating. Location preferred 
Pennsylvania, New Jersey, or Maryland. Sa 
desired $200 per month. Address 9-3. 


CHEMIST OR HEAT TREATER—Technical g: 
uate. Expevience in chemical and physical testi: 
heat treating of steels, platinum metals and rare eart 
Best of references. Reasonable salary. Address 12-! 


POSITIONS OPEN 
STEEL SALESMAN—To travel in Pittsburgh t 


tory—Selling experience and knowledge of heat trea 
ment desired. Salary to begin $2700 to $3000. Addr. 
2-20. 


ANALYTICAL CHEMIST—Must be a correct 
rapid worker thoroughly familiar with the analysis 
ferrous and nonferrous metals. State in reply edu 
tion, experience and salary desired. Address 2-22 


SALESMAN WANTED—Living in Connecticut, t 


cover that territory on cutlery steels, tool steels, co 


rolled strip, etc., for a company well known in the terri- 
tory. Prefer a man with practical knowledge of stee! anc 


someselling experience. Address 2-30. 
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(Continued from Page 33) 


rsonnel will shortly clear up the years’ accumulation of business. To 
ike up the additional cost, the initial fee to be paid on application for 
patent is increased from $15 to $20. The secondary fee remains at $20. 
ie estimated increased revenue from this advance in the primary fee 1s 
00,000 annually. Steps are being taken by T. E. Robertson, patent 
mmissioner, to enlarge his staff at the earliest possible moment. 
George H. Clapp has retired as president of the Pittsburgh Testing 
iboratory, Pittsburgh, and has been oer by Col. James Milliken. 
Clapp continues as a member of the board « { directors. 


The Alfred O. Blaich Co., manufacturer of carbonizing material, an 
uunces removal from Chicago to its new plant at 555 Beaufait street, 
etroit. 

George J. Hagan Co., Pittsburgh, furnace and combustion engineers, 
cently has opened up. offices in Detroit and ‘Chicago. The Detroit office 
- located at 515 Murphy building and is under the management of J. Sand- 
erg, formerly with the General Electric Co. The Chicago office, located 
it 20 E. Jackson boulevard, is in charge of V. A. Hain, also formerly con 
ected with the General Electric Co. 


The Federal Supply Co., East Seventy-ninth street, Cleveland, has 
been appointed representative of the Quigley Furnace Specialties Co., Inc., 
26 Cortlandt street, New York. 


lime Study and Job Analysis is the title of a new 397-page book by 
\Viliam O. Lichtner, published by the Ronald Press Co., New York. By 
way of review The /ron Trade Review says: 

“The purpose of this book is to show in detail how to standardize pro 
duction. It is a text book written by an able consulting engineet in man- 
agement and construction, in simple and nontechnical terms; a plain and co- 
ierent explanation of the subject as might be given in a series of conferences 
vith an executive charged with the responsibility of decision. 

“In chapters I to VI a general review is given of the principles of job 
tandardization and their application to the methods of time study and job 
inalysis. In chapters V to VII the organization of a staff to carry out the 
work is discussed in detail from the point of view of the executive. In chap- 
ters VIIT to XX a detailed description of the technique is given. This portion 
of the book especially may be used as a textbook and guide in an actual de 
velopment of time study and job analysis in a particular case. In this part em- 
phasis is placed upon applications of the technique described to the permanent 
needs of a plant. In chapters XXI to XXII job standardization is considered 
in its relation to industrial problems. 

‘ “A matter which the engineer must consider, ” says the author in his 
preface, “ ‘is the relation of job standardization to planning of the work from 
the inception of the order to the delivery of the finished product. Sometimes 
the improvement in planning precedes, sometimes it follows the work of 
standardization; but in any case the success of standardization is closely 
bound up with the methods by which the product 1 is routed in the factory 
from process to process. Furthermore, inasmuch as pay and conditions of 
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work—the two greater factors in the labor situation—are materially 
proved by time study and job analysis, the work of standardization 
proved of great importance in connection with labor relations. Final! 
even sales policies are affected by job standardization.’ ” 
An evening course in metallography has been inaugurated by the Po! 
technic Institute, 99 Livingston street, Brooklyn, N. Y. Instruction is giy 
by lectures and laboratory practice in a well-equipped metallographic labor 
tory. The course covers a study of the microstructure of iron and steel a: 
its fundamental physical chemical principles. The course consists of 


lectures given on Friday evenings at 6:30 and 15 two-hour laboratory period 
on Friday or Monday evenings from 7:30 to 9:30 beginning Feb. 3. Th 


fee is $25 and the membership is limited to 30. 


Information for Steel Treaters 


In ‘Abstracts of Technical Articles’’ in these Transactions 
for January, 18 articles were described. Six of them were from 
Chemical and Metallurgical Engineering. None of the other 
ten periodicals were mentioned more than twice, and four of 
their subjects have been discussed at length in Chem. and 
Met. within the past few months. 


Steel Treaters should not be without it. 


At the largest New York Engineering library Chem. & Met. 


is consulted more often than any of the other 1,200 periodicals 
received. 


Engineers cannot be without it. 


$5.00 per Year 


Chemical & Metallurgical Engineering 


10th Ave. at 36th St. 
New York City 


CHAIN DOORS 


on HEAT TREATING ana 
DROP FORGE’ FURNACES 


“‘Keep Heat In—Cold Out’’ 


The chain covering the furnace opening does 
not interfere with handling of stock or tools. 


<4— See the coal being thrown through the chains! 


E. J. CODD CO. 


700 S. Caroline St. Baltimore, U.S. A. 


When answering advertisements please mention “Transactions” 


nile aa ee 


ar 


~ 








